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TMAPTER  3 
OBJECTIVE  III:      NATURAL  PRODUCTION 

Natural  production  is  that  occurring  in  a  natural  state  and  without 
manmade  changes.     Prior  to  1877,   all  salmon  and  steelhead  originating  from 
North  America  were  the  result  of  natural  production.     Exact  figures  in  the 
historic  levels  of  natural  production  are  unavailable.     However,  estimates  of 
historic  and  current  production  levels  for  various  salmon  producing 
watersheds  of  the  Pacific  Coast,   as  set  forth  in  a  Pacific  Fishery  Management 
Council  report  (1979),  indicate  that  current  levels  are  approximately  39 
percent  of  historic. 

The  general  decline  of  North  American  salmon  and  steelhead  runs  is  a 
matter  of  record.     The  causes  are  manifold.     Harvest  levels  have  increased 
and  massive  alterations  of  salmonid  producing  habitat  have  occurred  as  a 
result  of  continued  demand  upon  supporting  land  and  water  resources  by  an 
ever  increasing  human  population.     But  no  other  influence  upon  salmonid 
survival  can  compare  to  the  devastating  impact  of  the  hydropower  system. 

Initial  exploitation  of  the  salmon  and  steelhead  resources  generated  the 
beginnings  of  artificial  production  techniques.     In  1877,   a  hatchery  operated 
by  former  Astoria,   Oregon  salmon  cannery  magnate  R.D.   Hume  began  to 
produce  salmon  fry  on  the  Rogue  River  in  southwestern  Oregon.     Since  that 
time  hatcheries  have  become  commonplace  and  have  generally  been  considered 
an  acceptable  method  of  augmenting  natural  production.     It  is  now  becoming 
apparent,   however,  that  existing  hatchery  production,   although  a  valuable 
tool  for  compensating  unmitigabale  losses     is  not  sufficient  to  overcome  the 
continuing  impact  of  the  hydro-system.     Consider,   for  example,  the  situation 
on  the  Columbia  River  as  set  forth  by  Dawley,  et  al,    (1981): 

"Natural  runs  of  salmon,   Oncorhynchus  sp.   in  the 
Columbia  River  basin  have  decreased  over  the  past 
forty  years...     This  decline  has  necessitated 
increased  salmon  culture  to  assure  adequate  numbers 
of  returning  adults  for  the  various  fisheries. 
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Hatcheries  are  now  the  primary  source  of  salmon 
for  the  Columbia  River,  and  in  the  late  1970' s, 
annually  produced  about  100  million  fall  chinook 
salmon,  O.   tshawytscha,   and  21  million  spring  and 
summer  chinook  salmon;   30  million  coho  salmon,   O. 
kisutch,   and  10  million  steelhead,   Salmo  gairdneri. 
Even  with  hatchery  production  at  this  level,  all 
management  agencies  agree  that,  in  general,  yields 
of  Columbia  River  salmonids  are  deteriorating." 

Hews  (1947  as  cited  by  Smith,   1979)  estimated  a  yearly  harvest  of  18 
million  pounds  of  Columbia  River  salmon  by  indigenous  peoples  prior  to  white 
settlement  of  the  Basin.     These  harvests  were  totally  dependent  on  naturally 
produced  fish.     The  average  landing  of  commercially  caught  Columbia  River 
salmon  and  steelhead  during  the  period  1957-1979  was  7.3  million  pounds 
(Oregon  Department  of  Fish  and  Wildlife /Washington  Department  of  Fisheries, 
1981),     This  downward  trend  continues  because  hatchery  production  has  not 
kept  pace  with  the  rate  of  decline  in  natural  stocks. 

Anadromous  fish  spawn  in,  and  their  progeny  spend  the  first  months 
(up  to  three  years  in  some  cases)  of  their  lives  rearing,  in  fresh  water. 
They  then  move  to  a  marine  existence  where  they  spend  from  two  to  four 
years  before  returning  to  fresh  water  to  spawn  and,   generally,  die.     The 
adoption  of  anadromous  behavior  is  believed  to  be  a  reaction  to  more  abundant 
food  supplies  being  available  in  the  marine  environment  (Foerster,   1968). 

The  genus  Oncorhynchus ,  the  Pacific  salmon,  is  generally  believed  to 
have  emerged  from  a  parent  stock  of  the  genus  Salmo,  the  trout  (including 
steelhead)  and  Atlantic  salmon,  early  in  the  Pleistocene  Epoch  (Foerster, 
1968),     Further  differentiation,  eventually  resulting  in  distinct  species  of 
Oncorhynchus,   probably  occurred  as  a  result  of  long  periodic  glaciation  and 
concomitant  geograhic  isolation  of  large  population  segments  (Neave,   1958  as 
cited  by  Foerster,   1968), 

The  last  major  period  of  North  American  glaciation,   the  Wisconsin, 
extended  from  some  50,000  to  perhaps  10,000  years  ago.     At  its  height, 
approximately  15,000  years  ago,  the  Pacific  Coast  from  southern  Alaska  to 


41? 


northern  Washington  was  buried  under  the  Cordilleran  Ice  Sheet  (McPhail  and 
Lindsey,   1970).     During  this  period,   few  if  any  streams  existed  between 
these  areas,   although  the  Yukon  River  Valley,   located  north  of  the  sheet, 
was  apparently  ice  free  as  were  major  "'rainago  basins  from  the  Columbia 
River  south   (Clemens,   1953  as  cited  by  F-^crpter,   1968).       Pacific  salmon  and 
steelhead  undoubtedly  spawned  in  those  systems  and,   as  the  ice  sheet 
receded,  expanded  their  range  into  newly  available  coastal  drainages.     With 
only  minor  interruption,  in  comparison  to  the  periods  of  glaciation,  the 
anadromous  salmonids  have  been  utilizing  the  Pacific  Coast  of  North  America 
from  south  of  the  Sacram.ento  River  north  since  that  time. 

The  success  with  which  the  salmon  and  steelhead  have  accomplished  this 

occupation  of  habitat  is  plainly  reflected  by  the  diversity  of  species-/ , 

2/  3/ 

runs-  ,  and  stocks-    into  which  they  have  evolved.     Each  population  segment 

has  become,   and  continues  to  become,   adapted  to  the  habitat  that  it  occupies. 

By  becoming  adapted  the  population  survives.     Adaptation  is  the  mechanism  of 

survival.     The  importance  of  adaptation  and  its  relationship  to  survival  cannot 

be  overstated.     Martin  (1980)   defined  adaption  as  "the  development  of 

genetically  based  traits  that  increase  fitness."     He  states: 


"The  more  adapted  the  population  is  to  the 
habitat,  the  greater  the  average  survival 
or  yield  to  the  fishery  manager." 


Fitness — the  ability  to  survive  and  reproduce — results  from  a  combination 
of  genetic  and  environmental  factors  (Powell  and  Taylor,   1979).     They  state: 

"The  relative  selective  value  of  an  individual 
is  therefore  determined  not  only  by  its  genotype 
but  also  by  the  environment  in  which  it  developed 
and  the  environment  in  which  it  is  living." 

The  process  whereby  an  organism  or  a  population  adapts  to  its 
environment  is  continuous  and,  therefore,   requires  an  innate  flexibility  within 
the  adapting  organism(s).     Without  this,   the  organism  or  the  population  will 
likely  perish  due  to  its  inability  to  adjust  to  the  constantly  changing 


418 


conditions  surrounding  it.     The  flexibility  required — the  ability  to  respond  to 
change — lies  within  the  genetic  material  that  the  organism,  or  population,  is 
carrying.     The  greater  the  diversity  of  this  material,  the  greater  the 
probability  that  a  response  enabling  the  organism  to  survive  will  be  available. 
A  direct  relationship  exists  between  genetic  diversity  and  the  number  of 
available  responses.     A  greater  array  of  responses  increases  the  likelihood  of 
survival  through  changing  conditions.     Genetic  diversity,  therefore,  equates 
to  survivability.     The  process  through  which  the  responses  are  applied  to 
changing  conditions  in  the  environment  is  natural  selection.     Successful 
responses  increase  the  likelihood  of  survival  to  time  of  reproduction. 
Unsuccessful  responses  reduce  it.     Those  organisms  reproducing  pass  on 
their  "abilities;"  those  not  reproducing  do  not. 

In  the  strictest  sense,   a  successful  individual  is  one  able  to  reproduce. 
When  enough  individuals  reproduce  to  perpetuate  the  population,  the 
population  is  successful.     It  remains,  however,   constantly  reliant  on  its 
components.     In  order  to  ensure  that  sufficient  individuals  within  the 
population  will  survive  to  reproduce  that  population,  it  is  necessary  to  have 
within  the  population  a  diversity  of  individuals.     This  diversity  will,  in  turn, 
increase  the  probability  that  individuals  capable  of  adapting  to  changing 
conditions  will  be  present  and  this  will  increase  the  probability  that  the 
population  will  be  perpetuated.     It  is  an  exceedingly  slow  but  constant 
process  of  change  in  response  to  change.     Helle  (1976)   stated: 

"...animals  with  a  high  degree  of  adaptive 
genetic  variability  have  a  distinct  advantage 
when  exposed  to  the  fluctuating  natural 
environment ....     Wild  populations  of  salmon 
maintain  adaptive  genetic  diversity  through 
natural  selection  and  their  spawning  behavior. 
Any  form  of  artificial  propagation  that 
increases  survival  by  reduction  of  natural 
mortality  at  any  life  history  stage  will 
change  the  genetic  composition  of  the 
original  stock." 
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A  naturally  propagating  stock  may  appear  to  be  operating  inefficiently 
but  it  is  this  tendency  toward  slow,   constant  change  that  allows  the 
population  to  progress.     Those  that  survive  do  so  because  they  are  generally 
fit  to  survive.     As  stated  by  Moav,  et  al. ,   (1978): 

"Natural  environments,   as  a  rule,  offer  fish 
relatively  little  protection,  low  feed  inputs, 
a  continuous  strong  pressure  of  selective 
harvesting  and  a  strong  intra-  and  intergroup 
competition.     These  features  dictate  evolution 
toward  overall  hardiness,  competitiveness, 
efficient  utilization  of  limited  amounts  of 
natural  feed  resources ..." 

There  is  a  tendency  in  man  to  want  to  "improve"  on  apparently 
inefficient  systems,  but  he  often  lacks  the  long-term  perspective  necessary  to 
develop  an  accurate  evaluation  of  how  well  a  broad  system  is  operating. 
Attempts  to  streamline  the  operation  in  some  circumstances  may  create  more 
problems  than  are  solved.     Biological  or  evolutionary  success  is  measured 
over  extremely  long  periods  of  time.     Man's  perspective,  however,  is 
generally  limited  to  a  few  lifetimes.     What  may  be  viewed  by  man  as  inefficient 
in  the  short  term  may  be  highly  workable  when  viewed  at  great  length. 

The  purpose  of  a  fish  hatchery  is,  by  and  large,   to  replace  lost  habitat 
or  to  make  this  apparently  inefficient  system  (natural  production)  more 
efficient  by  producing  greater  numbers  of  fish  in  less  area  and  in  a  shorter 
period  of  time.     So  long  as  the  limitations  of  this  type  of  facility  and  the  fish 
it  produces  are  kept  in  mind,  hatcheries  will  continue  to  be  a  valuable  and 
necessary  tool.     When  attempts  are  made  to  utilize  a  hatchery  beyond  its 
capabilities,   problems  will  arise. 

Under  hatchery  conditions  there  is  a  tendency  to  reduce  the  genetic 
diversity  of  the  population  through  an  "unnatural"  selection  by  man.     As  a 
result  of  the  relatively  controlled  conditions  within  the  hatchery,  a  much 
greater  survival  rate  from  egg  to  fry  is  realized  than  occurs  in  a  natural 
environment.     Due  to  space  restrictions  within  the  facility  and  high  egg 
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survival,  only  a  relatively  few  adults  are  required  to  return  to  the  hatchery, 
to  supply  sufficient  reproductive  products  to  utilize  the  incubation  capacity. 
These  few  are  selected  by  the  hatchery  personnel  generally  on  the  basis  of  a 
few  "desirable"  characteristics  (e.g.   size,  time  of  return,  overall  appearance, 
etc.)  and  usually  with  little  knowledge  or  consideration  of  their  true  worth  in 
terms  of  perpetuating  the  population.     A  large,   well-formed  fish  may  be 
pleasing  to  the  human  eye,  but  these  traits  do  not  necessarily  indicate 
inherent  adaptability  and  survivability  (AIFRB,  1975).     Usually,  any  portion 
of  the  returning  run  not  required  for  the  hatchery  production  becomes 
surplus  and  is  sold  as  carcasses.     As  a  result,  the  genetic  material  of  the 
surplus  fish  may  be  irretrievably  lost  to  the  population.     As  this  annual 
process  continues,  a  narrower  and  narrower  genetic  base  will  be  utilized  to 
maintain  the  population.     Inbreeding  will  eventually  occur  and  the  population 
will  tend  to  become  monocultural ,  with  all  fish  being  genetically 
similar — carrying  the  genetic  material  of  a  relatively  few  parents.     Should 
environmental  conditions  change  to  select  against  that  material,  the 
survivability  of  the  population  wiU  be  drastically,  even  dangerously,   reduced. 
Calaprice  (1969)  addressed  these  dangers  when  he  wrote: 

"Within  a  population,  recombination,  mutation, 
and  immigration  operate  to  increase  genetic 
variance,   while  selection,  emigration  and  chance 
happenings  cause  a  reduction  in  genetic  variability." 

A  reduction  in  the  variability  may  be  reflected  by  a  reduction  in  fitness 
in  the  population  undergoing  natural  selection  and: 

"It  is  conceivable  that  the  continuous  stocking 
of  hatchery  fish  ill-adapted  to  natural 
environments  might  result  in  a  continuous 
lowering  of  the  fitness  and,  if  continued,   the 
extinction  of  local  populations." 

The  need  for  genetic  diversity  within  a  population  of  hatchery  fish  is 
not  diminished  as  a  result  of  the  spawning,  incubation,  and  partial  rearing 
occurring  under  controlled  conditions.     Once  the  fish  are  released  from  the 
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hatchery,  they  must  compete  in  an  uncontrolled  environment.     Their  survival, 
and  ultimate  contribution  to  the  hatchery  program,  is  dependent  upon  their 
ability  to  compete.     Mere  production  and  release  of  larger  numbers  of 
juveniles  to  offset  the  loss  factor  will  not  necessarily  result  in  greater 
survival  or  larger  returns  to  the  hatchery  (Gunsolus,   1978).     The  problem 
may,  in  fact,  be  compounded  by  this  approach. 

In  order  to  preserve  as  much  of  the  genetic  diversity  as  possible,   great 
care  must  be  exercised  in  the  use  of  hatchery  fish  to  supplement  wild  runs 
where  losses  from  downstream  dams  are  too  great  to  support  productive 
fisheries  and  achieve  desired  wild  escapements.     Such  hatchery 
supplementation  of  wild  runs  will  unquestionably  impact  native  fish 
populations. 
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FOOTNOTES 

1/     Species  -  The  largest  population  unit  in  which  an  effective  flow 
of  genetic  material  can  occur. 

2/     Run  -  A  group  of  stocks,  within  a  species,  having  similar 

migration  times. 

3/     Stock       -  A  breeding  population  of  one  species,   generally 
inhabiting  a  specific  stream. 
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Subobjective  3.1;       Provide  an  optimal  flow  regime  and  habitat  from  Priest 

Rapids  to  the  McNary  Pool  and  from  Hells  Canyon  Dam  to 
Lower  Granite  Pool  during  anadromous  fish  spawning, 
incubation,  emergence,  and  rearing  periods. 

Free-flowing  portions  of  the  Columbia  and  Snake  Rivers  available  to 
anadromous  fish  have  been  severely  restricted.     Prior  to  hydroelectric 
development  1,200  miles  of  the  mainstem  Columbia  River  and  600  miles  of  the 
Snake  River  were  available  for  salmon  and  steelhead  spawning.     Presently, 
only  the  Hanford  Reach  R.M.   345  to  R.M.   399  on  the  Columbia  and  the  Snake 
River  from  R.M.   140  to  R.M.   247  are  known  to  be  suitable  for  natural 
production. 

The  fisheries  habitat  in  these  two  river  reaches  are  greatly  affected  by 
hydropower  operations.     In  the  Hanford  Reach,  average  flows  from  upstream 
storage  projects  such  as  Grand  Coulee  determine  daily,  weekly,  and  even 
seasonal  flows  and  therefore  habitat  suitability.     On  an  hourly  and  daily 
basis,   flows  in  the  upper  Hanford  Reach  are  greatly  affected  by  the 
operations  at  Priest  Rapids  Dam.     Along  the  Hells  Canyon  stretch  of  the 
Snake  River,   flows  on  a  daily,   weekly,  and  seasonal  basis  are  also  altered  by 
upstream  storage  such  as  Brownlee  Reservoir  and  are  affected  on  an  hourly 
and  daily  basis  by  the  regulation  of  Hells  Canyon  Dam. 

Public  Law  96-501  gives  emphasis  on  the  need  to  protect  the  habitat  in 
these  reaches  of  the  Basin.     This  protection  was  included  because  of  the 
serious  extent  to  which  power  operations  affect  these  areas,  because  of  their 
great  potential  productivity,   and  because  of  the  limited  nature  of  their 
habitats.     The  emphasis  in  P.L.   96-501  appears  in  Section  2(6): 

"to  protect,  mitigate  and  enhance  the  fish  and  wildlife, 
including  related  spawning  grounds  and  habitat, 
of  the  Columbia  River  and  its  tributaries, 
particularly  anadromous  fish  which  are  of 
significant  importance  to  the  social  and  economic 
well-being  of  the  Pacific  Northwest  and  the 
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Nation  and  which  are  dependent  on  suitable 
environmental  conditions  substantially  obtainable 
from  the  management  and  operation  of  the  Federal 
Columbia  River  Power  System  and  other  power 
generating  facilities  on  the  Columbia  River 
and  its  tributaries. 

This  same  emphasis  is  also  provided  in  Sec,   4(h)(1)(A),   (B),  and  2(A). 

For  successful  reproduction  to  occur  in  these  river  reaches,   several 
habitat  needs  must  be  met.     Suitable  gravels  unconfined  by  excessive  levels 
of  fine  sediments  is  required  for  spawning  substrate.     Sufficient  flows  of 
proper  temperature  and  chemical  composition  are  necessary  to  provide  depths 
and  velocities  over  the  substrate  that  are  within  the  preferred  ranges  of  the 
salmon  and  steelhead  species.     Following  spawning  and  incubation  river 
conditions  must  be  suitable  for  rearing  of  fry  and  fingerlings. 
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Task  3.1.1;      Provide  a  flow  regime  below  Priest  Rapids  Dam  to 
allow  optimal  utilization  and  provide  full  protection 
for  fall  Chinook  salmon  and  steelhead  spawning, 
incubation,  and  rearing  habitat  in  the  Hanford  Reach. 

Introduction:     The  Hanford  Reach  of  the  Columbia  River  provides  habitat  or 
significant  importance  to  upriver  runs  of  fall  chinook  and  steelhead.     Fall 
Chinook  escapement  to  these  spawning  grounds,  estimated  by  comparing 
counts  of  Chinook  from  August  through  October  over  McNary,  Priest  Rapids, 
and  Ice  Harbor  Dams  and  returns  to  hatchery  facilities,  has  declined 
precipitously  in  the  late  1970's  following  a  building  trend  through  the  1960's 
(Figure  1). 

The  value  of  this  habitat  has  increased  in  importance  as  habitat  for 
other  fall  chinook  stocks  and  other  species  has  declined.     Hanford  escapement 
presently  accounts  for  about  80  percent  of  the  upriver  fall  chinook  run 
compared  to  7  percent  in  1962. 

Estimation  of  steelhead  escapement  is  difficult  since  fish  spawn  during 
the  higher  spring  flows.     Flows  and  turbidity  make  redd  counts  impossible. 
Based  on  counts  at  the  three  dams,  assumed  mortalities,  and  tributary 
populations,  the  Hanford  area  steelhead  escapement  is  estimated  at 
approximately  10,000  fish. 

The  great  losses  of  habitat  and  fish  in  the  upper  Columbia  Basin  have 
increased  the  importance  of  fish  production  in  the  Hanford  Reach.     These  fall 
Chinook  and  steelhead  help  sustain  the  remaining  fisheries,  particularly  those 
of  the  basin  Indian  tribes. 

The  potential  impact  of  power  operations  at  Priest  Rapids  Dam  was  first 
realized  in  April  1976.     Discharge  from  the  dam  was  held  below  45,000  cfs  for 
32  hours  during  a  Washington  Public  Power  Supply  System  requested  low-flow 
test.     At  Vernita  Bar  and  downstream  spawning  areas,  1,417  chinook  redds,  a 
significant  portion  of  the  Hanford  production,   were  dewatered  resulting  in  a 
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Figure  1. 
RETURNS  OF  FALL  CHINOOK  TO  HANFORD  REACH 
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complete  loss  of  pre-emerf^ent  fry.     Subsequent  review  of  past  flow  records 
indicated  that  similar  losses  may  have  occurred  but  gone  undocumented. 

The  following  spring,   power  operations  again  resulted  in  major  losses  of 
eggs  and  fry.     In  mid-April,   443  redds  were  exposed  at  a  flow  of  about 
40,000  cfs.     Redd  sampling  indicated  mostly  dead  fry  in  the  gravel  despite 
attempts  to  flush  the  redds  periodically  with  higher  flows. 

Priest  Rapids  Dam,   Federal  Energy  Regulatory  Commission  Project  2114, 
controls  the  short-term  flows  in  the  Hanford  Reach.     The  project  license 
contains  provisions  for  a  minimum  flow  of  36,000  cfs.     This  flow  was 
established,  however,   for  the  protection  of  downstream  nuclear  power 
facilities  and  does  not  account  for  the  requirements  of  fishery  habitat  in  the 
Hanford  Reach. 

Because  of  the  insufficiency  of  the  present  project  minimum  flow  to 
protect  fishery  reproduction  and  pursuant  to  Article  39  of  the  project's 
license,   the  fishery  agencies  and  tribes  have  petitioned  the  Federal  Energy 
Regulatory  Commission  to  increase  the  minimum  flow  to  70,000  cfs.     This  flow 
should  provide  sufficient  spawning  habitat  and  adequate  incubation  and 
emergence  conditions  for  anadromous  tish. 

Since  the  spring  of  1976,   additional  data  in  the  Hanford  Reach  has  been 
collected  to  further  define  the  extent  and  problem  of  redd  exposure.     These 
efforts  have  been  concentrated  at  Vernita  Bar  since  it  is  subjected  to  heavy 
spawning  and  the  full  impact  of  flow  fluctuations. 

Most  recently,   a  Federal  Energy  Regulatory  Commission  settlement 
agreement  between  the  mid-Columbia  public  utility  districts  and  the  fishery 
agencies  and  Indian  tribes  has  stipulated  four  years  of  research  to  determine 
the  impact  of  varying  flows  on  the  spawning  and  incubation  success  of  fall 
Chinook  in  the  Hanford  Reach.     The  studies  were  initiated  in  the  fall  of  1978 
and  will  continue  through  the  spring  of  1983.     It  is  planned  that  the  data 
derived  from  these  studies  will  be  sufficient  to  determine  the  extent  to  which 
the  present  36,000  cfs  minimum  flow  should  be  increased. 
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Research  results  and  observations  to  date  indicate  that:      (1)   fluctuating 
daily  fall  flows  to  drive  chinook  off  the  higher  elevation  spawning  areas  is 
unsuccessful  in  preventing  significant  spawning  at  the  higher  spawning  areas 
presently  exposed  to  dewatering;    (2)  pre-emergent  fry  (alevins)  can  not 
withstand  dewatering;   and  (3)  incubating  eggs  are  more  tolerant  to 
dewatering  than  alevins  but  mortalities  still  occur  (the  extent  of  egg  mortality 
due  to  varying  dewatering  regimes  and  environmental  conditions  is  presently 
being  further  documented) . 

Studies  since  1976  indicate  that  from  20  -  40  percent  of  the  quantified 
spawning  along  four  miles  of  habitat  below  Priest  Rapids  Dam  occurs  totally 
above  the  36,000  cfs  flow  level.     The  percent  of  spawning  above  this  minimum 
flow  may  be  a  function  of  the  average  flow  during  the  spawning  period.     The 
higher  the  average  flow,  the  greater  percent  of  redds  are  formed  above  the 
minimum  flow  level.     In  five  of  the  past  six  years  (not  including  1977,  lowest 
water  year)  an  average  of  540  redds  have  been  counted  above  the  36,000  cfs 
minimum  flow  level  along  this  four  miles  of  habitat.     This  spawning  has 
occurred  despite  daily  flow  reductions  to  36,000  cfs  during  the  spawning 
period  to  harrass  spawning  fish  and  prevent  spawning  at  the  higher  levels. 

Present  power  peaking  operations  at  Priest  Rapids  expose  significant 
spawning  habitat  primarily  in  the  first  10  -  12  miles  downstream  of  the 
project.     The  peaking  can  potentially  affect  further  significant  habitat 
downstream  on  other  important  spawning  bars  if  present  minimum  flow  levels 
are  held  for  longer  periods  of  time. 

Recent  plans  for  development  of  the  Pacific  Northwest  hydro-thermal 
system  caU  for  increased  hydroelectric  peaking  as  thermal  plants  provide  the 
baseload  energy  needs  (Figure  2).     By  1985,  it  is  expected  that  hydropeaking 
will  have  increased  by  about  50  percent  over  1975  conditions  and  by  1995 ,  the 
increase  will  be  about  200  percent.     Powerhouse  expansions  in  the 
mid-Columbia,  including  Priest  Rapids,  would  potentially  provide  much  of  this 
peak  energy. 

The  impact  of  the  increased  peaking  at  Priest  Rapids  would  be  drastic 
magnification  of  the  problems  now  occurring  at  Vemita  Bar.     Conditions  for 
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Figure  2. 
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the  salnon  and  steelhead  spawning,  incubation,  emergence,  and  rearing  would 
worsen  so  that  most  of  the  Hanford  spawning  would  be  adversely  affected. 
The  projected  magnitude  of  future  fluctuations  is  about  17.4  feet  (Figure  3). 
This  level  of  peaking  would  impact  most  of  the  present  and  potential  Hanford 
Reach  anadromous  fish  reproduction. 

Increased  minimum  flows  for  anadromous  fish  may  limit  the  potential  for 
future  peaking  operations  and  powerhouse  expansion  in  the  mid-Columbia. 

Flow  and  power  regulation  studies  using  average  monthly  flows  (Task 
1.1.2)  indicate  that  a  minimum  flow  of  70,000  cfs  could  be  maintained  below 
Priest  Rapids  Dam. 

Recommendation :     That  the  Power  Planning  Council  provide  programmatic 
support  to  the  remaining  two  years  of  Federal  Energy  Regulatory  Commission 
ordered  spawning  and  incubation  studies  below  Priest  Rapids  Dam  and  include 
in  its  Fish  and  Wildlife  Program  increased  minimum  flows  through  the  Hanford 
Reach,   as  determined  in  accordance  with  the  Settlement  Agreement. 
Increased  peaking  through  powerhouse  expansion  should  not  be  allowed 
pending  the  establishment  of  an  increased  minimum  flow. 
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Figure  3. 
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Task  3.1.2:  Improve  habitat  conditions  below  Priest  Rapids 
Dam  to  maximize  utilization  by  fall  chinook  and 
steelhead 

Under  a  1978  Federal  Enerery  Regulatory  Commission  settlement  agreement 
concerning  minimum  flows  below  Priest  Rapids  Dam  and  the  effects  of  these 
flows  on  salmon  and  steelhead  reproduction,   direction  was  provided  to 
investigate  means  of  improving  spawning  and  incubation  habitat  as  a  potential 
means  of  mitigating  the  adverse  eftects  of  power  peaking.     Proposed  by  Grant 
County  Public  Utility  District  and  included  in  the  mandated  study  plan  was 
the  scarification  of  gravel  substrate  areas  to  improve  their  suitability  for 
Chinook  spawning.     The  objective  of  the  study  was  that  by  mechanically 
agitating  the  unused,   cemented  gravels,  the  finer  sediments  would  be  flushed 
out,  thereby  creating  a  new  substrate  more  suitable  for  chinook  spawning. 
Chinook  might  then  be  attracted  to  these  new  areas  and  away  from  that 
habitat  adversely  affected  by  power  peaking. 

These  well-intentioned  efforts  did  not  result  in  any  significant  use  by 
salmon.     On  three  test  plots  scarified  in  1979,  only  one  redd  was  dug  (Grant 
County  Public  Utility  District,   1981).     Preliminary  results  from  additional 
habitat  manipulation  in  1980  indicates  no  redds  were  built  by  spawning  salmon 
in  the  study  areas.     Continued  scarification  of  river  substrate  to  create 
spawning  areas  will  not  be  further  investigated  in  1981. 

At  this  time  there  does  not  appear  to  be  any  feasible  and  successful 
means  of  manipulating  river  substrate  to  create  additional  spawning  areas  for 
salmon  and  steelhead  below  Priest  Rapids  Dam.     The  fish  still  return  to  areas 
adversely  impacted  by  power  peaking  operations. 

Recommendation:     That  the  Power  Planning  Council  include  in  its  Fish  and 
Wildlife  Program  an  increased  minimum  flow  below  Priest  Rapids  Dam 
determined  by  past  studies  and  current  Federal  Energy  Regulatory  Commission 
ordered  studies  in  accordance  with  the  Settlement  Agreement  to  protect , 
mitigate,  and  enhance  salmon  and  steelhead  spawning,  incubation,   and  rearing 
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on  the  Columbia  River.     Habitat  improvement  must  be  accomplished  through 
minimum  flow  increases  rather  than  substrate  scarification. 
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Task  3.1.3:        Provide  a  flow  regime  below  Hells  Canyon  Dam 
to  allow  optimal  utilization  of  and  provide  full 
protection  for  fall  Chinook  and  steelhead  spawning, 
incubation,  and  rearing  habitat  in  the  Snake  River. 

The  free-flowing  Snake  River  below  Hells  Canyon  Dam  provides  valuable 
habitat  for  fall  Chinook  salmon  and  summer  steelhead.     The  river  also 
provides  a  valuable  sport  fishery. 

The  need  for  increased  minimum  flows  and  reduced  fluctuations  below 
Hells  Canyon  Dam  was  a  topic  of  1979  hearings  before  the  Federal  Energy 
Regulatory  Commission.     In  those  hearings,  petitioners,  the  fishery  agencies, 
recommended  the  following  flow  schedule  (testimony  of  Terry  Holubetz), 


Instantaneous 

Minimum 

Flows 

Rate  of 
Fluctuation 

I'/hour 
I'/hour 
I'/hour 
I'/hour 

Total  Daily 
and  weekly 
Fluctuation  Range 

12,000 
10,000 
10,000 
8,500* 

No  restrictions 
No  restrictions 

2' 

2' 

Time  Period 

0800  10/16  to  0800  12/1 
0800  12/1  to  0800  3/1 
0800  3/1  to  0800  5/1 
0800  5/1  to  0800  10/16 

*8,500  cfs,  or  if  inflow  is  less  than  8,500,  pass  inflow  but  never  to  be 
below  5,000. 

The  recommended  flow  schedule  was  not  meant  to  be  applicable  during 
extreme  low-water  years.     Variances  during  these  periods  would  be 
necessary. 

An  Oregon  Department  of  Fish  and  Wildlife  biologist  familiar  with  the 
affected  reach  of  river  testified  that  the  recommended  fall  flow  of  12,000  cfs 
would  restore  fall  Chinook  spawning  area  to  about  90  percent  of  its  historic 
level  and  approximately  70  percent  of  the  optimum  level  (Testimony  of 
Kenneth  L.   Witty).     The  flows  would  also  provide  for  maximum  levels  of 
steelhead  spawning  habitat.     Flows  through  the  winter  of  10,000  cfs  or  more 
would  be  sufficient  to  assure  that  spawn  would  remain  covered  during  the 
incubation  and  emergence  periods.     Summer  flows  of  8,500  cfs  or  less  would 
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be  necessary  to  provide  adequate  juvenile  rearing  area.     Fluctuation 
limitations  were  requested  to  prevent  stranding  of  juvenile  fish  and  allow 
suitable  conditions  for  production  of  aquatic  food  supply.     Justification  for 
the  flow  recommendations  was  based  on  the  results  of  observations  and  data 
collected  and  reported  in  "Anatomy  of  a  River."  '" 

The  February  14,   1980  Settlement  Agreement  following  the  hearing  does 
not  provide  for  improved  Federal  Energy  Regulatory  Commission  license 
minimum  flows  beyond  1982.     The  Settlement  Agreement  provides  that: 

"Petitioners  agree  that  they  will  not  for  duration 
of  the  current  Project  1971  license  seek  relief  from 
the  Federal  Energy  Regulatory  Commission  on  any  matter 
concerning  Licensee's  responsibility  to  compensate  for 
salmon  and  steelhead  losses  under  the  Fish  and  Wildlife 
Coordination  Act  or  the  Federal  Power  Act  nor  seek 
changes  in  the  operation  of  Project  No.   1971  except 
that ,  on  the  basis  of  technological  advances  or 
substantial  changes  in  condition.   Petitioners  may  seek 
from  the  Federal  Energy  Regulatory  Commission  additional 
relief,  if  necessary,   related  exclusively  to  the  enhancement 
of  outmigration  conditions  for  fall  Chinook  smolts  in  the 
free-flowing  stretch  of  the  Snake  River  below  Project  No. 
1971,  after  they  are  released  by  Licensee  pursuant  to  this 
agreement.     The  parties  agree  that  changes  in  operations 
within  the  restrictions  of  the  existing  license  for 
Project  No.    1971  shall  not  alone  be  considered  a 
substantial  change  of  condition. 

Further,  in  the  event  that  storage  space  upstream  of 
Project  No.   1971  is  hereafter  acquired  by  the  fishery 
agencies  for  the  purpose  of  preserving  or  enhancing 
fish  habitat  or  survival  downstream  of  Project  No.   1971, 
if  the  parties  are  unable  to  agree  on  the  conditions 
under  which  water  released  from  such  space  will  be  passed 
through  Project  No.   1971,   Petitioners  or  Licensee  may 
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netition  the  Federal  Enerqjy  Regulatory  Commission  for  an 
order  setting  forth  the  conditions  under  which  water 
released  from  such  storage  space  will  be  passed  through 
Project  No.   1971  by  Licensee, 

The  Power  Act  provides  a  new  opportunity  to  establish  improved  flows 
for  fishery  production  below  Hells  Canyon  Dam.     Potential  power  losses  to  the 
Idaho  Power  Company  and  its  customers  from  improved  flows  can  be  better 
evaluated  and  potentially  offset  by  the  Bonneville  Power  Administration  under 
provisions  of  the  Act's  Sections  4(h)(6)(E)  and  4(h)(8)(D).     Establishing 
improved  flows  below  Hells  Canyon  Dam  under  the  direction  of  the  Power  Act 
should  not  violate  the  above  provisions  of  the  Settlement  Agreement. 

Improved  flows  for  fisheries  production  may  be  attainable  in  part  by  use 
of  existing  unallocated  storage  in  the  Snake  River  Basin.     Such  storage  exists 
at  Cascade,  Deadwood,  and  Lucky  Peak  reservoirs.     Feasibility  studies  to 
develop  new  increments  of  storage  on  the  Weiser  River  would  also  be 
appropriate  to  improve  fishery  flows  and  power  production. 

Recommendation :     That  the  Power  Planning  Council  include  in  its  Fish  and 
Wildlife  Program  investigation  and  establishment  of  improved  flows  for 
fisheries  production  below  Hells  Canyon  Dam. 
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f^ubobjective  3.2;       Improve  anadromous  fish  spawning,  incubation, 

rearing,  and  migration  habitat  directly  affected 
by  hydroelectric  development,  including  provisions 
for  optimal  flows  required  for  the  utilization  of 
that  habitat,  as  mitigation. 

Prior  to  the  passage  of  the  Power  Act,  compensation  for  fish  losses  by 
construction  and  operation  of  hydroelectric  power  facilities  in  the  Columbia 
Basin  was  focused  on  the  construction  of  hatcheries  and  improvement  of  fish 
passage  conditions  over  the  project  structures.     Hatcheries  produced  fish  to 
replace  those  1st  as  a  result  of  destruction  of  natural  production  areas,  but 
insufficient  attention  has  been  given  to  opportunities  available  to  improve 
remaining  habitat  to  benefit  both  hatchery  and  natural-produced  fish  as  a 
means  of  mitigating  losses. 

Considerable  degradation  of  fish  habitat  loss  occurred  in  many  areas  as  a 
result  of  hydroelectric  development.     Much  of  the  lost  habitat  values  can  be 
restored  thereby  increasing  salmon  and  steelhead  populations.     Restoration  or 
improvement  measures  which  can  be  implemented  include: 

(1)  adherence  to  optimal  short  and  long-term  flow  regimes, 

(2)  installation  of  water  temperature  control  facilities  at 
existing  projects, 

(3)  restoration  or  improvement  of  stream  substrate  and  streamside 
conditions. 

Suitable  flows  are  necessary  at  various  times  for  various  reasons.     Adult 
salmonids  require  sufficient  flow  depths  to  ascend  the  spawning  streams 
throughout  the  travel  route.     Adequate  flows  are  vitally  necessary  to  cover 
redds  following  spawning,   and  to  provide  sufficient  oxygen-bearing  water  to 
the  resultant  eggs  and  alevins.     Abrupt,   sudden  changes  in  flows  can  wash 
out  or  strand  juvenile  fish  and  harm  recreational  harvest  opportunities. 
Managed  flows  can  also  benefit  the  out  migration  of  smolts  over  project  dams. 
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The  improvement  of  water  temperature  conditions  which  have  been 
altered  by  project  construction,  is  possible  through  installation  of  temperature 
control  facilities.     Fluctuations  from  normal  temperatures  can  vastly  change 
fish  behavior,   as  well  as  cause  physical  harm.     Salmonids  thrive  only  in  a 
narrow  range  of  suitable  water  temperatures.     Varying  regimes  are  required 
for  spawning,  incubation,   and  growth.     Temperatures  too  low  will  inhibit  the 
ascent  of  salmon  seeking  to  spawn,  thus  preventing  them  from  utilizing 
available  upstream  areas.     High  temperatures  can  accelerate  disease  losses  and 
cause  stress  problems.     These  factors  influence  the  lives  of  both  adults  and 
juveniles,  and  at  various  times  and  areas.     There  is  ample  opportunity  for 
restoration  of  suitable  temperature  quality  through  proper  project  controls. 

Fish  production  in  natural  habitat  areas  can  be  considerably  improved  as 
well  as  in  stream  habitat  which  has  been  altered  by  project  construction. 
Suitable  spawning  gravel  is  a  must  for  successful  reproduction.     Dams  impact 
the  substrate  conditions  by  slowing  upstream  flows  thus  causing  silt 
deposition.     The  transport  of  new  gravel  to  lower  areas  is  also  impeded. 
Abrupt  flow  fluctuations  can  wash  away  soils  from  formerly  stable  banks. 
Resulting  heavily  silted  gravel  is  useless  for  salmonid  spawning.     Some 
progress  has  been  made  in  restoring  such  gravel  areas  by  cleaning  with 
mechanical  methods.     The  creation  of  suitable  spawning  substrate,   through 
adding  aggregate  material  to  now  unusable  areas,  has  shown  some  promise. 

Improvement  of  streamside  vegetation  will  result  in  multiple  benefits 
through  halting  bank  erosion,  producing  shade  and  cover,  and  allowing  insect 
populations  to  accumulate.     Reduction  of  bank  erosion  through  increased 
vegetative  cover  creates  a  more  stable  stream  system  by  causing  the  stream 
banks  to  retain  and  release  moisture  throughout  the  year.     Gravel  siltation  is 
also  much  reduced.     Increased  shade  along  the  stream  reduces  the  potential 
of  harmful  high  water  temperatures  during  summer  months.     Minor 
alternations  of  stream  channel  configuration,   gradients,  etc.,  can  render 
marginal  habitat  more  suitable  for  use  by  anadromous  salmonids. 
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Task  3.2.1;     Willamette  River  and  Tributaries 

The  Corps  of  Engineers  has  constructed  a  13-dam  multipurpose  water 
storage  complex  in  the  Willamette  Basin.     The  major  projects  in  the  system 
include  Detroit,  Green  Peter,  Lookout  Point,  and  Cougar  reservoirs.     The 
purposes,  priorities,  and  operating  plans  for  the  13  projects  were  specified 
by  Congress  in  House  Document  531,   Eight-First  Congress,   Second  Session. 

The  reservoir  complex  had  substantial  impact  on  anadromous  fish  habitat 
by  blocking  access  to  vast  spawning  and  rearing  areas  and  by  influencing 
flows  and  other  habitat  parameters  downstream  from  the  projects.     In 
recognition  of  these  impacts.   Congress  included  provisions  for  passage, 
hatchery  compensation,   and  minimum  flows  (see  Task  1.2.1)  in  the 
authorization  of  the  projects. 

Over  the  past  several  years,  the  Corps  has  coordinated  most  pertinent 
reservoir  operations  with  state  and  federal  fishery  agencies.     Often  the 
advice  of  the  agencies  has  been  accepted;   however,   there  have  been  occasions 
when  minimum  flows  have  been  violated  against  fishery  agency  advice. 

H.D.   531  recognizes  the  need  to  maintain  anadromous  fish  runs  in  the 
Willamette  River  system.     Based  on  experience  and  several  research  studies  in 
the  Willamette,  fishery  agencies  prepared  the  attached  flow  guidelines  (Oregon 
Department  of  Fish  and  Wildlife,   Unpub.   m.s.,   1979)  which  to  base 
recommendations  on  reservoir  operations  to  the  Corps  of  Engineers.     These 
guidelines  were  developed  to  provide  suitable  conditions  for  the  maintenance 
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of  anadromous  runs  and  to  provide  suitable  conditions  for  the  sport  harvest 
of  these  fish. 

Recommendations:     That  the  Power  Planning  Council  include  in  its  Fish  and 
Wildlife  Program  direction  to  the  Corps  of  Engineers  to  incorporate  Willamette 
Basin  fishery  flow  guidelines  into  the  annual  operation  of  the  Willamette 
projects  to  provide  habitat  conditions  suitable  for  the  maintenance  of 
anadromous  fish  runs. 
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FLOW  REGULATION  GUIDELINES   FOR  FISH 

The   following  guidelines   are  to  provide  a  basis  of  reference   for  making 
decisions.     They  will    not  replace   recommendations   from  field  people.      Each 
situation  will   be  judged  on  its  own  merits.     However,  these   guidelines 
should  provide  a   better  basis  to  look  at  each  situation  and  decide  what 
the  effects  will    be  on   fish   from  a   reservoir  operation  change.     These 
guidelines   should  be  expanded  and  updated  as  better  information  and  operating 
experience  is   gained.      Flows  stated  in  this  section  will    not  supersede  those 
granted  in  House    Document   #531,  81st  Congress,  2nd  Session. 

1.     Minimum  flows   in  the  lower  Willamette   from  Oregon   City  to  the  mouth 
needed  to   provide   upstream   fish   passage. 

Six  thousand  cfs  at  Willamette   Falls  will   provide  at  least  five  parts 
per  million  dissolved  oxygen,  and  allow  upstream  migration  of  salmon 
and  steel  head.     Water  temperatures   must  be  suitable   (above  52°)   at  any 
flow   for  Chinook.      Desirable   flow  to   provide  higher  dissolved  oxygen 
and  adequate  temperatures'in  warmer  weather  is   9,000  cfs. 

To  hold  reservoirs   high  enough  to  have  adequate  downstream  flows   and 
temperatures   during  spring  and   fall    chinook  spawning  and  incubation 
time,   and  to  provide  6,000  cfs  of  natural   and  stored   flow  in  the  lower 
Willamette  during  the  low   flow  period,   a  total    basin  storage  of  1,824,000 
acre   feet  is   needed  at  CE's   reservoirs. 
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2,      Flows  needed  for  good  upstream  passage  of  salmon  and  steelhead. 


Location 

M  F  Willamette  Riv 
below  Dexter  Res 

S  Santiam  Riv 
below  Foster  Res 


Flow 

Regulation 

cfs 

Time  Period 
Apr  15-Jun   30 

Species 
S  Chinook 

Point 

900 

Dexter  Dam 

700 

Mar 

1-Apr  15 

Steelhead 

900 

Apr 

15-Jun   30 

S  Chinook 

Waterloo 

900 

Sep 

1-Sep  30 

F  Chinook 

700 

Mar 
Jun 

1-Apr  15 
30- Oct   1 

Steelhead 

900 

Apr 

15-Jun   30 

S  Chinook 

Big  Cliff  Di 

900 

Sep 

1-Sep  30 

F  Chinook 

700 

Mar 

1-Apr  15 

Steelhead 

50 

Mar 

1-Jun   30 

S  Chinook 
Steelhead 

Green   Peter 

170 

Apr 

15-Jun  -30 

S  Chinook 

Fall   Cr  Dam 

75 

Mar 

1-Apr  15 

Steelhead 

200 

Oct 

15- Dec   1 

F  Chinook 

Just  below 

175 

Jan 

1-May   15 

Steelhead 

Row  Riv 

175 

Oct 

15- Dec   1 

F  Chinook 

Dorena  Dam 

150 

Jan 

1-May  15 

Steelhead 

N  Santiam  Riv 
below  Big  Cliff  Res 

M  Santiam  Riv  \J 
below  Green  Peter 

Fal  1    Cr  2/ 

below   Fall    Cr  Dam 

Coast  F  Willamette 
mouth  to  Row  Riv 

Row  Riv 

below  Dorena   Dam 

II     Flow  should  be  reduced  to  50  cfs   for  part  of  each  afternoon  period 
during  fish  passage  season  to  bring  fish  into  the   fish  ladder. 

2/     Experience  at   Fall    Creek  in   1977  and   1978  showed  that   150  cfs   is 
sufficient  to  provide  adult  transport,   this    flow  should  not  be 
frequently  interupted  with  lower  flows.      Considerable  straying  of 
marked  fish  occurred  when  a  weekly  flow  schedule  of  three  days  at 
150  cfs  and   four  days  at  50  cfs  was    followed. 

These  minimum  flows  are  based  on  observations  of  fish  passage  during 
lower  flows,   measurements  of  river  cross-sections,   comparisons  with 
similar  size  streams  with  similar  flow  regimes  where   good  imformation 
is  available,   and  an  Oregon  Game  Commission  basin   report. 
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3.  Minimum  spawning  flows  belov/  each  reservoir. 


Location 

M  F  Willamette  Riv 
below  Dexter 

S  Santiam  Riv 
below  Foster 

N  Santiam  Riv 
below  Big  Cliff 

Fall  Cr 
below  Fall  Cr 

Row  Riv 

below  Dorena  Dam 

Coast  F  Willamette  Riv 
mouth  to  Row  Riv 

S  F  HcKenzie 

McKenzie   Riv 

Bl ue   Riv  to  mouth 

Willamette  Riv 
McKenzie  to  Corvallis 


Flow 
cfs 

Time  Period 
Sep   10-Oct   10 

Species 
S  Chinook 

Regulation 
Point 

1200 

Dexter  Dam 

Mar 

1-Jun   1 

Steelhead 

1000 

Sep 
Mar 

lO-Oct   10 
1-Jun   1 

S  Chinook 
F  Chinook 
Steelhead 

Waterloo 

1000 

Sep 
Mar 

10-Oct   10 
1-Jun   1 

S  Chinook 
F  Chinook 
Steelhead 

Big  Cliff  Di 

150 

Sep 

10-Oct   10 

S  Chinook 

Fall    Cr  Dam 

Mar 

1-Jun   1 

Steelhead 

200 

Oct 

15-Dec   10 

F  Chinook 

Dorena   Dam 

Mar 

1-Jun   1 

Steelhead 

- 

250 

Oct 

15-Dec 'lO 

F  Chinook 

Just  below 

Mar 

1-Jun   1 

Steelhead 

Row  Ri  V 

400 

Sep 

10-Oct   10 

S  Chinook 

Cougar  Dam 

2500 

Sep 

10- Oct   10 

S  Chinook 

Vida 

6500 

Sep 

10-Oct   10 

F  Chinook 

Harrisburg 

These   Flows  are  based  on  biologists'    observations  during  spawning  time, 
cross-section  measurements,   comparison  with  similar  streams  where  better 
imformation  is  available,  and  an  Oregon   Game  Commission  basin   report. 
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4.     Minimum  incubation   flows  below  each  reservoir. 

Location 

fl  F  Willamette  Riv 
below   Dexter 


S  Santiam  Riv 
below   Foster  Dam 


N  Santiam 

below  Big  Cliff  Dam 


Fall    Cr 

below   Fall    Cr  Dam 

Row   Ri  V 

below  Dorena   Dam 

Coast   F  Uillamette   Riv 
mouth  to  Row  Riv 

S   F  McKenzie  Riv 
below  Cougar 

McKenzie  Riv 
Blur  Riv  to  mouth 

Willamette   Riv 


Regulation 

Flow 

Time  Period 
Oct   1-Mar  15 

Species 
S  Chinook 

Point 

one   foot  lower 

Jasper 

than   flow  level 

Apr 

1-Jun 

15 

Steelhead 

at  spawning  time 

^v 

800  cfs 

Oct 

1-Mar 

15 

S  Chinook 

Waterloo 

one   foot  lower 

Apr 

1-Jul 

1 

Steelhead 

than   flow  level 

at  peak  spawning 

1000  cfs 

Oct 

1-Mar 

15 

S  Chinook 

Big  Cliff 

one   foot  lower 

Apr 

1-Jul 

1 

Steelhead 

Me  ha  ma 

than   flow  level 

at  peak  spawning 

* 

150  cfs 

Oct 

1-Mar 

15 

S  Chinook 

Fall    Cr   Dam 

75  cfs 

Arp 

1-Jul 

1 

Steelhead 

150  cfs 

Nov 

15-Apr  1 

F  Chinook 

Dorena   Dam 

Apr 

l-JuV 

15 

Steelhead 

250  cfs 

Nov 

15-Apr  1 

F  Chinook 

Goshen 

Apr 

1-Jun 

15 

Steelhead 

400  cfs 

Oct 

1-Mar 

15 

S  Chinook 

Cougar  Dam 

2000  cfs 

Oct 

1-Mar 

15 

S  Chinook 

Vida 

one   foot  lower 

Oct 

1-Mar 

15 

F  Chinook 

Harrisburg 

than   flow  level 

at  peak  spawning 

These   flow  recommendations  are  based  on  a  water  stage  one   foot  lower 
than  usual   high   flow  during  peak  spawning,  and  an  Oregon  Game  Commission 
basin   report. 
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5.  Minimum  Reservoir  storage  to  provide  adequate  temperature  range 


during  sp 

awning 

time 

in  the   fall. 

Reservoir 

1/ 

Minimum  Reservoir 
Storage  on  June   30 
AF 

Minimum  Reservoir 

Storage  on  Oct   10 

AF 

Lookout   Point 

370.000 

270,000 

Green   Peter 

305,000 

195,000 

Detroit 

370,000 

255,000 

Fan    Creek 

105,000 

60,000 

Cougar 

160,000 

90.000 

\J     Based  on  the  assumption  that  Hills  Creek  will  be  operated  to  provide 
flows  of  1000  to  1500  cfs  from  August  1  until  mid- September  or  later. 

These  reservoir  levels  were  calculated  from  expected  reservoir  temperature 
profiles  and  normal  outflows  for  the  conservation  season. 
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5.  Maximum  flow  during  spawning  to  keep  redds  in  water  during  incubation. 

Time  Period      Species 


Location 

:;  F  V/illamette  Riv  j_/ 
below  Dexter  Dam 

S  Santiam  Riv 
below   Foster  Res 

;i  Santiam  Riv 
below  Big  Cliff 

Fall    Cr  y 

below   Fall    Cr  Dam 


Flow 
cfs 


2000 


Regulation 
Point 


Sep   10-Oct   10  F  Chinook  Waterloo 


2400  Sep  10-Oct   10  S  Chinook  Big  Cliff  Dam 

F  Chinook 


?.ow  Riv 

below   Dorena   Dam 


Vi'illamette   Riv 
IlcKenzie  to  Corvallis 


690 


Coast   F  Willamette  Riv 

nouth  to   Row  Riv  850 

S  r  McKenzie   Riv 

below  Cougar  Dam  1100 

I'.cKenzie  Riv   from 

31  ue  Riv  to  mouth  3700 


7500 


Oct  15-Dec   10 


Oct  15-Dec  10 


Sep   10-Oct  10 


F  Chinook 


Dorena   Dam 


F  Chinook  Goshen 


S  ChinooK  Cougar  Dam 


Sep   10-Oct   10  S  Chinook  Vida 


Sep  10-Oct   10  F  Chinook  Harrisburg 


1/     Because  of  large   fluctuations  of  stream  levels   under  normal   operations  of  the 
~       reservoirs   it  may  not  be  practical   to  recommend  maximum  spawning  flows   below 
these   reservoirs. 

These   flows   maintain   river  level   one   foot  higher  than  low  flow  levels 
which  may  occur  during  the  time  the  eggs  and  fry  are  in  the   gravel. 
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7.     Maximum  allowable   flow  fluctuotlons   (except  during  flood  control 
regulation    for  N  Santiam,   S  Santiam,   and  M  F  Willamette). 


Outflow,  cfs 


750-1500  1500-3000  3000-10,000 


Maximum  hourly  change  +200,   -100         +300,  -200   '      +2000,   -1000 

Maximum  24-hour  change         +350,   -300         +700,   -600         +6000,   -4000 


These  limits  are  based  on  information   from  cross-sectional   measure- 
ments made  at  several    flows  on  the  North  Santiam  River. 


8.      Minimum   flows    for  salmonid  rearing. 

Flow  Regulation 

Location  cfs  Time  Period  Point 

M  F  Willamette  Riv  1600  Jun   1-Oct   30  Dexter  Dam 

below  Dexter  Dam  800  Nov   1-Jun   1 

M  F  Willamette  Riv  285  Throughout  year  Hills  Cr  Dam 

from  Hills  Cr  Dam  to 
Lookout  Point  Reservoir 


S  Santiam  Riv 

800 

Jun 

1-Oct   30 

Waterloo 

below  Dexter  Dam 

600 

Nov 

1-May  30 

N  Santiam 

1000 

Jun 

1-Oct   30 

Big  Cliff  Dam 

below  Big  CI  i  ff  Dam 

800 

Nov 

1-May   30 

Fall    Cr 

150 

'    Jun 

1-Oct   30 

Fall    Cr  Dam 

below  Fall    Cr  Res 

50 

Nov 

1-May   30 

Row  River 

300 

Jun 

15-Nov 

Dorena  Dam 

below  Dorena   Dam 

100 

Nov 

1-Jun   15 

Coast   F  Willamette   Riv 

350 

Jun 

15-Oct   30 

Goshen 

mouth   to   Row  Riv 

200 

Nov 

1-Jun   15 

S   F  McKenzie  Riv 

250 

Throughout  year 

Cougar  Dam 

below  Cougar  Dam 
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Quantity  and  duration  of  flows  needed  to  initiate  downstream 
mi  gration. 

Minimum  releases   below  all    projects  provide  water  to  transport 
smelts   downstream.      These  minimum  releases  are  shown  on  the 
table  of  pertinent   reservoir  data.      If  smolts  of  each  species 
are  released  at  proper  time  and  size,   they  should  begin  migrating 
dov/nstrean.     Any  increase  in   flows  would   facilitate  this   movement. 
An   increase  of  20%  for   10  days  would  have  significant  effect  in 
causing  smolts  to  migrate  downstream.     Any  additional    flow  above 
the  20%  previously  mentioned  would  increase  the  speed  of  migration. 
Conversely  any   flow  increase   that  increases  the  temperature  up  to 
55OF  particularly  in  the  North  Santiam  could  be  of  benefit   (spring 
Chinook  smolts   released   from  South   Santiam  Hatchery  under  optimal 
conditions  have  migrated  past  Wallamette   Falls   in  25  days). 


10.      Flows  needed  over  Willamette   Falls   during  periods  of  migration  to 
provide   for  smolt  passage  and  best  conditions    for  upstream  passage 
of  spring  chinook. 

Under  the  present  hydroelectric  operating  regime  at  Willamette 
Falls,   any  flow  below   10,000  cfs   at  Salem  will    put  most  of  the 
smolts  through  the  hydroelectric  plants  or  over  the   falls  with 
low   flows   causing  some  injury  on  the   rocks.      If  Sullivan   Plant 
is  screened,   a   flow  of  15,000  cfs  at  Salem  would  probably  be 
adequate   for  smolt  passage;  20,000  cfs  would  be  better.      These 
flows  are  needed  from  November  1  to  December   1   for  juvenile 
spring  chinook  passage  in  the   fall,  and   from  March   15  to  June  25 
for  smolt  passage  in  the  spring  for  all   species.      March  20  to 
May   31  is   a  critical    period   for  spring  smolt  migration  of  all 
species  except  fall   chinook.     The  critical   period  for  fall   chinook 
is    from  May  20  to  June  20. 

Spring  chinook   upstream  passage  at  Willamette   Falls   is   geared  to 
temperature  and   flow.     The  temperature  must  reach  52°F  to  55°F 
before  substantial    passage  will    take  place  regardless  of  flow. 
From  comparing  counts  at  the   falls  with   flows  at  Salem,    12,000  cfs 
and  below  is  optimal    for  passage  of  spring  chinook  using  the  new 
ladder.      This   can  be   increased  to   15,000  if  flash  boards  are 
installed  at  the   falls.      Flows   above  this   appear  to  retard  migration 
even  though  water  temperture  is   adequate.      Flows  of  20,000  appear 
to  cause  passage  problems.      Flows  above  20,000  and  water  temperature 
below  52°F  can  cause  complete  blockage  and  avoidance  of  the  new 
ladder.      Peak  passage  will   occur  at  Willamette   Falls   between  May   1 
and   10  if  flows   and  temperatures  are  adequate.      Peak  passage  later 
than  May   10  indicates   some  type  of  blockage  has  occurred.   .  In  most 
years,   adults   delayed  at  Willamette   Falls  have  difficulty  passing 
upstream  to  the  projects  and  are  in  poor  condition  when  they  arrive 
at  the  hatchery  holding  facilities.     Adults   in  poor  condition  suffer 
substantial    delayed  mortalities. 

Controlling  the  river  to  provide  less  than  the   15,000  cfs   during 
the   peak  of  spring  chinook  upstream  migration   is   desirable,   however, 
in  many  years  this   is  not  possible. 
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11.      Flows  needed  in  the  lower  river  to  provide  good  downstream  passage 
and  temperature  conditions   for  smolt. 

Flows  adequate   for  smoU  passage  over  the   falls,    (15,000-20,000  cfs) 
will   suffice  below  the   falls  since  the  Clackamas  enters   just  below. 
Water  temperatures  of  60°F  or  above   greatly  increase  the  opportunity 
for  smolts  to  die  of  disease.      Temperatures  of  620F  and  above  are 
critical    for  Skamania  summer  steelhead  and  nati ve  Willamette  winter 
steelhead  smolts.      Srrolts  entering  the   Columbia   in  the  spring  usually 
encounter  cooler  water.     No  temperature  thresholds   have  been  determined 
for  salmon  encountering  disease  problems   in  the  Willamette  stock  show 
substantial    resistance  to  major  bacterial   diseases. 


12.  Minimum  flows   for  drift  boats    fishing  in  the  tributaries  below  dams. 

River  Flow-cfs  Regulation   Point 

M  F  Willamette   Riv 

below  Dexter  Dam  800  Dexter  Dam 

S  Santiam  Riv 

below  Foster  Dam  800  Waterloo 

N  Santiam  Riv  1000  experienced 

below  Big  Cliff  Dam         1500-2000  novice         Big  Cliff  Dam 

13.  Storage  needed  in  the  basin. 

At  80%  or  below  of  basin  storage   in   CE  reservoirs,  most   flexibility 
is  lost   for  reservoir  regulation  to  benefit   fish.      Lookout   Point, 
Green   Peter,   Detroit,   Fall    Creek,  and  Cougar  reservoirs   should  be 
filled  to  the  point  where  they  could  provide  adequate  spawning 
temperatures   plus   Hills   Creek  and   Fern  Ridge  at  the  same  percentage 
full    as  the  ones  mentioned  above.     The   rest  of  the   reservoirs  should 
be   filled  to  maximum  conservation  pool. 


454 


14.  Pool  elevations  at  which  the  trout  fishery  begins  to  suffer. 


Reservoir 

Level   at  which  some  boat  ramps 
become  inoperative. 
Pool    Elevation,   Ft.             Storage,  A  F 

Hills   Cr 

1506 

266,000 

Lookout  Point 

901 

306,000 

Dorena 

826 

62,600 

Cottage  Grove 

779 

20,500 

Cougar 

1636 

147,900 

Blue  River 

1331 

66,000 

Green   Peter 

991 

343,000 

Foster 

623 

43,000 

Detroit 

1545 

375,200 

Fern  Ridge 

367 

53,500 

The  pool  level  at  which  the  trout  fishery  begins  to  suffer  is  the 
level  which  some  boat  ramps  become  inoperative,  and  access  is 
restricted. 


15.   Flushing  sequence  at  Fall  Creek  Reservoir  to  allow  spring  chinook 
smolt  emigration  and  to  produce  the  least  effect  on  flow  and 
turbi  dity. 

Beginning  about  November  5,  or  as  early  as  October  15  if  freshet 
conditions  occur,  reservoir  level  should  be  reduced  from  minimum 
pool  to  stream  bed  level  as  quickly  as  possible.  Evacuation  below 
3000  acre  feet  should  not  be  accomplished  until  inflows  are  500  cfs 
or  above  to  allow  an  adequate  refilling  rate.  The  reservoir 
should  be  held  at  stream  bed  level  for  one  hour  and  then  filled 
to  minimum  pool  as  soon  as  possible. 
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Task  3.2.2:     Deschutes  River  -  Pelton,   Round  Butte  Dams 


Introduction:     The  Deschutes  River  supports  popular  sport  fisheries  as  well 
as  a  unique  Indian  dipnet  fishery  at  Sherar's  Falls  for  wild  fall  chinook  and 
summer  steelhead.     Most  of  these  chinook  and  steelhead  spawn  in  the  lower 
160  km  of  the  Deschutes  below  the  Pelton-Round  Butte  hydroelectric  complex. 
A  decline  in  quality  and  quantity  of  spawning  gravels  as  a  direct  result  of 
controlled  flow  and  restricted  gravel  movement  by  the  dams  over  the  last  20 
years  are  suspected  to  be  partially  responsible  for  recent  declines  in  wild 
steelhead  and  fall  chinook.     Because  of  the  degraded  gravels  in  the  lower 
river,   spawning  distribution  of  fall  chinook  has  shifted  from  12  percent  in  the 
upper  river  in  the  mid-1960's  to  about  50  percent  in  the  last  few  years  with 
superimposition  of  redds  now  common  in  the  upper  spawning  areas. 

Needed  Research:     Research  is  required  to  determine  the  status  of  spawning 
gravels  since  the  dams  were  completed  on  the  Deschutes  River.     Once 
problems  have  been  identified,   solutions  that  could  increase  the  amount  or 
suitability  of  gravels  to  pre-dam  levels  could  be  implemented.     The  overall 
goal  of  this  work  is  to  increase  the  production  of  wild  fall  chinook  and 
summer  steelhead  on  the  Deschutes  system. 

The  proposed  study  is  possible  because  of  a  detailed,  comprehensive 
study  of  the  distribution,  quantity,  utilization  and  suitability  of  spawning 
gravels  in  the  Deschutes  River  conducted  by  Aney  et  al.    (1967).     Their  data 
were  collected  shortly  after  Round  Butte  Dam  was  completed  on  the  Deschutes 
and  would  form  the  basis  for  our  proposed  evaluation. 

Data  are  not  currently  available  to  determine  whether  spawning  gravels 
for  wild  Chinook  and  steelhead  have  changed  since  the  dam  complex  was 
completed.     However,   an  excellent  data  base  exists  from  which  this 
determination  can  be  made.     We  recommend  that  a  study  be  implemented  to 
determine  if  the  suitability  and/or  amount  of  gravels  in  the  mainstream  have 
declined  since  the  mid-1960  study.     The  proposed  study  would  identify  areas 
that  have  changed,  the  nature  of  the  problems,   and  recommended  solutions  at 
specific  sites. 


45G 


Results:      If  the  research  is  conducted  and  the  recommendations  implemented, 
recmitment  to  rearing  areas  will  increase  because  of  more  available  spawning 
area  and  higher  survival  from  egg  deposition  to  emergence.     Subsequently, 
adult  Chinook  and  steelhead  returning  to  Columbia  and  Deschutes  rivers 
fisheries  to  spawn  will  increase. 

Scope:     The  specific  tasks  to  accomplish  the  objectives  are: 

1.  Determine  if  distribution  of  spawning  gravels  has  changed  since  the 
mid-1960's  study. 

2.  Determine  if  amounts  of  gravel  on  four  study  sections  (1960's  study)  has 
changed. 

3.  Determine  if  quality  (i.e.   percent  fines,   compaction,   permeability)  has 
changed. 

4.  Determine  changes  in  utilization  by  Chinook  and  steelhead. 

5 .  Recommend  conduct  prototype  corrective  actions  for  areas  where 
detrimental  impacts  have  occurred  and  estimate  potential  for  increasing 
runs  of  fall  chinook  and  steelhead. 

Rocommendation:     That  the  Power  Planning  Council  include  in  its  Fish  and 
Wildlife  Program  research  on  the  Deschutes  River  to  determine  the  extent  of 
spawning  gravel  degradation  and  means  to  improve  its  suitability. 
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Task  3.2.3:     Cowlitz  River 


Extensive  natural  production  of  anadromous  fish  exists  downstream  of 
Mayfield  Dam  on  the  Cowlitz  River.     The  majority  of  this  production  is  fall 
Chinook  salmon;   however,   some  coho,   spring  chinook,  chum,   steelhead,  and 
sea-run  cutthroat  trout  are  also  present.     Studies  regarding  the  freshwater 
life  history  of  fall  chinook  on  the  Cowlitz  River  (Bauersfeld,   1978)  have 
demonstrated  the  need  to  have  operational  constraints  and  minimum  flow 
requirements  for  Mayfield  Dam.     Bauersfeld's  study  indicated  that  serious 
stranding  of  chinook  fry  occurs  when  flows  are  reduced  below  a  flow  of 
5,000  cfs  as  measured  at  Mayfield  Dam.     Tacoma  City  Light  has  been  apprised 
of  this  situation  and  has  attempted  to  keep  flow  fluctuations  to  a  minimum 
when  operating  below  the  5,000  threshold  flow. 

In  addition,  field  studies  have  been  completed  that  describe  spawning 
incubation  and  rearing  flow  needs  for  fall  chinook  and  steelhead.     McKinley 
(1956)  developed  minimum  and  maximum  optimal  spawning  flow  levels  for  fall 
chinook  in  the  lower  Cowlitz  River.     Field  observations  have  also  provided 
data  on  minimum  flow  needs  for  incubating  salmon  and  steelhead  embryos. 

Based  on  the  above  information,   a  formal  agreement  has  been  developed 
and  implemented  (1977)  that  provides  protection  for  the  anadromous  fisheries 
resource  downstream  of  Mayfield  Dam.     This  agreement,  between  the 
Washington  Departments  of  Fisheries  and  Game  and  Tacoma  City  Light,   was 
the  first  of  its  kind  in  the  State  of  Washington.     The  agreement,  in  the  form 
of  a  flow  regulation  schedule  (attachment),  provides  protection  to  fish  during 
their  spawning,  incubation  and  rearing  periods.     The  Federal  Energy 
Regulatory  Commission  has  been  asked  to  include  this  agreement  as  a  part  of 
City  of  Tacoma' s  project  license;   however,  as  of  this  writing,  this  has  not 
been  done. 

Additional  work  has  been  conducted  to  ensure  that  water  quality  remains 
high  in  the  lower  Cowlitz  River.     Nitrogen  tests  have  been  conducted  that 
show  that  nitrogen  supersaturation  is  not  a  problem  during  normal  spill 
situations.     Water  temperatures  are  kept  within  an  acceptable  range  for 
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salmonids  by  drawing  water  below  the  surface  of  Mayfield  Lake  during  the 
summer  months  when  surface  temperatures  are  high. 

Although  the  production  potential  of  the  upper  Cowlitz  River  has  been 
severely  limited  (see  Task  1.2.3)  there  is  the  possibility  that  a  significant 
portion  of  this  basin  could  be  rehabilitated  if  an  effective  downstream  migrant 
fish  facility  is  developed.     That  possibility  now  exists  because  Lewis  County 
Public  Utility  District  is  proposing  a  low-head  dam,  to  be  located  immediately 
above  the  Mossy  rock  pool.     This  low -head  project  with  a  relatively  small 
reservoir  could  provide  the  opportunity  to  develop  an  effective  migrant 
collection  device  and  allow  use  of  the  upper  watershed  again.     Accordingly, 
the  fisheries  agencies  have  requested  Lewis  County  Public  Utility  District  to 
incorporate  into  the  design  plans  for  the  Cowlitz  Falls  Dam,  the  capability  to 
retrofit  the  project,   at  some  later  date,  with  a  louver  or  other  screening 
device  should  it  become  feasible.     The  public  utility  district  has  considered 
this  request  and  has  indicated  they  are  willing  to  incorporate  this  into  their 
design  plans. 

Recommendations:     That  the  Power  Planning  Council  adopt  in  its  Fish  and 
Wildlife  Program  the  "Flow  Regulation  Schedule  for  Mayfield  Power  Plant"  to 
ensure  productive  fisheries  in  the  Cowlitz  River.     Additionally,  the  Program 
should  include  a  downstream  migrant  collection  facility  for  any  low-head 
hydroelectric  project  constructed  above  Mossyrock  pool  to  allow 
re-establishment  of  anadromous  fish  runs  in  the  upper  Cowlitz  River. 


'fl  st9B'  ".imimiD  ''-noH' 
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ATTACHMENT  1 


FLOW  REGULATION  SCHEDULE 
FOR 
MAYFIELD  POWER  PLANT 


A.  March  1  -  July  15 

Minimum  flow  releases  from  Mayfield  Dam  to  be  5,000  cfs  unless  the 
March   1   or  later  forecasts   indicate  that  this  flow  cannot  be  achieved 
and  meet  reservoir  refill    requirements.      If  the  forecasts  indicate 
that  5,000  cfs  cannot  be  achieved,   ewery  concerted  effort  v/ill  be  made 
to  maintain  as  high  and  as  constant  a  release  as   possible.     Date  of 
commencement  to  be  March   1 ,   dependent  upon  observations  or  predictions 
of  the  emergence  of  salmonid  fry  made  by  the  Departments  of  Game  and 
Fisheries. 

B.  July  16  -  September  15 

Minimum  flow   releases   from  Mayfield  Dam  to  be  2,000  cfs  during  this 
period.     The  2,000  cfs   is   to  be  a  constant   flow.      If  circumstances  be- 
yond the  control   of  the  City  of  Tacoma   require  the  release  of  greater 
amounts  of  water,   then  reductions   in  rate  of  flow  shall   be  equal    to  or 
less   than  the  rate  of  change  of  natural    flow  into  Mayfield  Reservoir. 

C.  Septeniber   16   -  iJovember  20 

Evory  cotiCLTted  effort  will   be  w.ade   to  maintain  a   flow  regime  between 
2,600  and  ''.,000  cfs   at  Mayfield  Dam.      Should  circumstances  beyond 
Tacoma 's   control   make   it  necessary  to  exceed  the  4,000  cfs   flow  level, 
Ihi'ti,    if  po'.r.ilile,    subsmjnent  discharges   will   \>c   providi'd  to  aiL>quj tel y 
cover  existing  salmon  redds.      Spawning   flows  will    apply  through  fJovefTiber 
20  or   until    completion  of  spawning,  whichever  comes   first.      The  Washington 
Departr;:ent  of  Fisheries  will   m.ake  spawning   surveys  each  season  and  notify 
the  Ci:y   upon  coaipletion  of  spawning. 
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D.   November  21  -  February  28 

Minimum  flow  releases  from  Mayfield  Dam  will  be  maintained  at  a  level 
that  will  inundate  existing  redds  except  when  conditions  are  beyond 
the  licensee's  control. 


The  flows  and  dates  set  forth  above  are  the  best  available  and  are 
established  with  the  understanding  they  can  be  modified  by  mutual  agree- 
ment based  on  ongoing  observations  and  studies.  Good  communication  be- 
tween all  parties  is  essential  to  provide  maximum  operating  flexibility 
and  maximum  benefit  to  the  fishery  resource  of  the  Cowlitz  River. 

ACCEPTED:  / 


DATE  /^i^v-   >  ^/  ^/  -y 


DEPARTMENT  J) f^ GAME: 


A- 


BY   /  V-->^^-^   -^^  c  ^^  r-~ 

, 'Ralph  W.   Larson,   Director 
DEPARTI'pIT  OF  FISHERIES: //'' 


BY  A 


ion  Sandison,  Director 
CO' 


S>_M- 


A.J.  Benqdetti ,  Director 
Department  of  Public  Utilities 


DATE      ^/•-t.>  .  'If      /f?? 


DATE       November    16,    1977 


€ 
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Task  3.2.4:      Lewis  River 

The  North  Fork  Lewis  River  downstream  of  Merwin  Dam  contains 
considerable  habitat  for  the  production  of  anadromous  fish.     Currently,  the 
North  Fork  supports  an  excellent  run  of  fall  chinook  salmon  and  a  fair  run  of 
coho  and  steelhead.     Spring  chinook  have  been  recently  reintroduced  to  the 
North  Fork  via  hatchery  plants  and  some  natural  production  of  this  race  has 
developed. 

Historically,  the  North  Fork  produced  excellent  runs  of  spring  and  fall 
Chinook,  coho,  and  steelhead  trout.     The  three  large  hydroelectric  projects 
on  the  river  have  eliminated  most  of  the  natural  production  area.     Loss  of 
this  salmon  production  habitat  has  been  compensated  by  hatchery  production 
although  the  project  owner.   Pacific  Power  and  Light  (PP&L),   does  not  pay 
their  full  share  of  the  compensation  requirement.     Discussions  between  the 
Washington  Department  of  Fisheries  and  Game  and  PP&L  are  continuing  in  an 
effort  to  have  PP&L  meet  their  mitigation  responsibility. 

Prior  to  accepting  hatchery  production  as  a  sole  form  of  compensation, 
the  upper  North  Fork  was  investigated  for  natural  production  possibilities. 
Specifically,   Merwin  Reservoir  was  studied  to  see  if  it  was  suitable  as  rearing 
habitat  for  salmonids.     Experiments  involving  coho  salmon  were  conducted  in 
the  1960's  indicating  that  the  reservoir  was  not  suitable  for  rearing  due 
mainly  to  the  effects  of  predation  (Hamilton,  et  al. ,   1970). 

Natural  production  of  anadromous  fish  is  now  confined  to  the  lower  North 
Fork  below  Merwin  Dam.      Flow   releases  at  Merwin  have,   at  times,   adversely 
affected  downstream  production.      The  licensed  minimum  flow  at  760  cfs  is  not 
adeqviate  for  spawning,  incubation,  or  rearing.     Flow  fluctuations  during  the 
spring  and  early  summer  months  have  created  conditions  that  strand  large 
riumhers  of  salmon  fry   (Phinney,    1974), 

Beginning  in  1977,   steps  were  taken  to  lessen  the  flow-related  impacts 
caused  by  Merwin  Dam.      A  modified  flow  regime  was  developed  by  PP&L  and 
the  Washington  Department  of  Fisheries  that  reduced  the  possibility  of 
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stranding  juvenile  fish.     However,  this  flow  regime  only  addressed  the  needs 
of  fish  during  the  early  rearing  period.     Fishery  flow  requirements  for  the 
remainder  of  the  year  were  subsequently  examined  through  field 
investigations.     The  results  of  this  information  is  now  being  used  to  prepare 
an  annual  flow  regime  at  Merwin  Dam.     For  the  past  year  PP&L  and 
Washington  Departments  of  Fisheries  and  Game  officials  have  endeavored  to 
work  out  an  agreed  upon  plan  whereby  a  flow  schedule  is  developed  that 
would  adequately  protect  the  natural  production  of  fish  while  not  unduely 
restricting  PP&L  operations. 

Progress  is  beind  made;   for  example,   an  experimental  spawning  flow 
regime  will  be  implemented  during  the  fall  of  1981  which  is  designed  to 
maximize  conditions  for  fall  chinook  spawning  and  help  minimize  incubation 
problems. 

Still  to  be  resolved  are  problems  involving  flow  fluctuations  (frequency 
and  range),  and  minimum  flows  for  rearing  salmonids.     Discussions  regarding 
these  particular  problems  are  now  in  progress.     It  is  hoped  that  in  the  near 
future,  a  year-round  flow  program  will  be  instituted  which  will  greatly 
improve  the  natural  production  of  the  fisheries  resource  in  the  lower  North 
Fork  Lewis  River. 

Recommendation :     That  the  Power  Planning  Council  include  in  its  Fish  and 
Wildlife  Program  a  flow  regime  (to  be  finalized  in  the  near  future)  that 
provides  productive  conditions  for  anadromous  fish  below  Merwin  Dam. 
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Task  3.2.5:      Clearwater  River 

The  operation  of  Dworshak  Dam  and  Reservoir  has  created  considerable 
changes  in  the  aquatic  habitat  downstream  from  the  dam.     These  changes 
include  frequent  and  rapid  fluctuations  in  flow  due  to  daily  and  seasonal 
power  peaking  and  an  altered  temperature  regime. 

In  order  to  provide  adequate  opportunity  for  to  harvest  opportunities  on 
returning  adult  steelhead,  the  following  flow  regime  should  be  followed  at 
Dworshak  Dam:      (from  project  EIS  and  Reservoir  Regulation  Manual) 

1.  Fall  steelhead  season 

A.  The  prime  steelhead  fishery  below  the  project  generally  occurs 
within  the  period  of  October  1  to  November  15.     Low  steady 
flows  during  this  period  are  beneficial  to  steelhead  fishing  and 
releases  from  Dworshak  Dam  should  not  exceed  more  than 
1,300  cfs  over  inflow.     Daily  fluctuations  should  be  kept  to 
less  than  20  percent  of  the  weekly  average  flow. 

B.  The  period' of  November  16  to  December  31  can  also  be  an 
important  part  of  the  steelhead  season,   depending  on  weather 
conditions.     Flow  fluctuation  should  be  kept  to  a  minimum 
during  this  time  while  flows  in  the  Middle  Fork  of  the 
Clearwater  River  remain  low  to  moderate.     Higher  constant 
flows  rather  than  extreme  daily  peaking  will  increase  fisher 
participation,   distribution,   and  catch  rates.     Low,   steady  flows 
during  the  weekends  should  generally  benefit  steelhead 
anglers. 

2.  Spring  steelhead  season  (January  1  -  April  15) 

Same  flow  restrictions  as  in  late  fall  period,  except  that  the  river 
directly  below  the  project  will  become  more  important  to  steelhead 
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anglers,  particularly  when  the  Middle  Fork  of  the  Clearwater 
becomes  high  and  muddy. 

Dworshak  Dam  has  the  option  of  using  discharge  selector  gates  to  vary 
the  temperature  of  water  released  from  the  project.     However,  at  present, 
water  released  are  tied  to  the  temperature  needs  of  Dworshak  National  Fish 
Hatchery  which  requires  extremely  cool  water  during  the  summer  months. 
Providing  a  separate  water  supply  to  the  hatchery  would  make  it  possible  to 
manage  the  river  below  Dworshak  for  optimum  temperatures  for  wild  resident 
and  anadromous  fish  growth  and  reproduction.     A  study  would  be  needed  to 
evaluate  the  feasibility  of  this  proposed  action. 

Recommendation :     That  the  Power  Planning  Council  include  in  its  Fish  and 
Wildlife  Program  the  above  improved  flow  regimes  below  Dworshak  Dam  for 
efficient  fisheries,  and  research  funded  by  the  Corps  of  Engineers  to 
investigate  the  feasibility  of  a  separate  water  supply  system  for  Dworshak 
National  Fish  Hatchery  to  allow  temperature  regulation  of  the  Clearwater  River 
for  optimal  natural  production.    !; 
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Tnsk  3.?.fi(a):      Yakima  River- Roza  Dam 


Roza  Dam  is  a  concrete  gravity  structure  located  at  R.M.   128  about  10 
miles  north  of  Yakima.     The  dam  was  built  by  the  U.S.   Bureau  of  Reclamation 
in  1939.     The  right  bank  diversion  to  Roza  Canal  provides  a  maximum  of  2,200 
cfs  for  irrigation  and  the  generation  of  electrical  energy  at  the  Roza  Power 
Plant . 

The  existing  fish  facilities  consist  of  a  left  bank  pool  and  notched  weir 
fishway  with  an  entrance  from  the  right  bank  and  rotary  fish  screens  in  Roza 
Canal.     The  facilities  require  extensive  improvements.     These  include:      (1) 
providing  a  readily  accessible  gate  on  the  auxiliary  water  supply  air  vent,   (2) 
converting  to  a  vertical-slot  type  fishway  which  will  allow  efficient  operation  at 
all  flows,   (3)  repair  overflow  gate  so  desired  entrance  velocity  can  be 
achieved,   (4)  extend  protective  screens  covering  fishway,   (5)  install  counting 
board,  and  (6)  upgrade  the  fish  screening  facilities  to  meet  current  screening 
design  standards  (see  Task  1.4.7). 

Additional  fishery  problems  occur  in  the  Roza  wasteway  which  enters  the 
Yakima  River  at  R.M.   113  near  the  city  of  Yakima.     Migrating  adult 
anadromous  fish  are  attracted  by  return  flows  from  the  Roza  Power  Plant. 
The  fish  swim  upstream  to  the  power  plant  where  they  are  vulnerable  to 
injury.     A  bar  screen  with  provisions  for  self-cleaning  should  be  installed  at 
the  mouth  of  the  wasteway  to  exclude  fish. 

The  fishery  passage  problems  were  detailed  in  the  Bumping  Lake 
Enlargement  environmental  impact  statement. 

Recommendation :      That  the  Power  Planning  Council  include  in  its  Fish  and 
Wildlife  Program  the  renovation  and  repair  of  adult  and  juvenile  fish  passage 
facilities  at  Roza  diversion  dam  and  installation  of  a  barscreen  mechanism  at 
the  entrance  to  the  wastewav. 
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Task  3.2.6(b):     Yakima  River-Prosser  Diversion  Dam 

Prosser  Diversion  Dam  is  a  concrete  gravity  type  structure  on  the  Yakima 
River  at  R.M.   47  opposite  the  town  of  Prosser  in  Benton  County.     It  originally 
was  built  to  serve  a  flour  mill  on  the  right  bank.     In  1930  the  Bureau  of 
Reclamation  purchased  the  dam  and  made  alterations  for  the  diversion  from  the 
left  bank  of  1,000  to  1,100  cfs  of  water  to  Prosser  power  plant  constructed 
approximately  2  miles  downstream.     In  1955  the  Bureau  of  Reclamation 
abandoned  its  Prosser  power  plant  and  started  modification  of  the  dam  and 
diversion  to  deliver  1,500  cfs  of  water  to  its  newly  constructed  Chandler 
Plant,  located  10  miles  below  the  dam,  where  the  water  is  used  for  irrigation 
and  power  generation. 

Existing  fish  facilities  include  two  concrete,  vertical-slot  fishways  with 
auxiliary  water  supply  systems.     These  facilities  are  functional,  but  a  third 
ladder  should  be  constructed  at  midstream.     This  fishway  should  be  a 
double-slot  structure  with  entrances  on  each  side  with  a  dual  auxiliary  water 
supply  system.     A  cableway  with  a  cable  car  is  required  for  maintenance  of 
the  facilities. 

The  diversion  canal  has  rotary  fish  screens  with  migrant  bypass  facilities. 
The  screening  facilities  do  not  meet  current  screening  design  standards. 
Therefore,  these  facilities  should  be  improved  to  meet  current  screening  design 
standards. 

The  fish  passage  problems  were  detailed  in  the  Bumping  Lake  Enlargement 
environmental  impact  statement. 

Recommendation :     That  the  Power  Planning  Council  include  in  its  Fish  and 
Wildlife  Program  the  construction  of  a  vertical-slot  fishway  on  Prosser  Dam  in 
the  Yamima  River. 
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Task  3.2.7:     White  Salmon  River 

Anadromous  fish  resources  of  the  White  Salmon  River  were  adversely 
affected  by  the  construction  of  Condit  Dam.     The  dam,  currently  owned  by 
Pacific  Power  and  Light  (PP&L)  is  located  at  R.M,   3.3.     Originally  the  dam 
was  equipped  with  a  wooden  fish  ladder  which  washed  away  a  few  years  after 
the  dam  was  completed.     Another  ladder  was  constructed;   however,  it  also 
washed  out  and  was  not  replaced.     Therefore,  upstream  anadromous  fish  runs 
no  longer  exist. 

Present  runs  of  anadromous  fish  using  the  3.3  miles  of  river  below 
Condit  Dam  include  fall  chinook  and  coho  salmon  and  steelhead  trout.     Fall 
Chinook  salmon  are  the  dominant  species  with  a  31-year  average  run  of  2,800 
fish.     Also  present  are  small  runs  of  coho  salmon  and  steelhead  trout. 
Information  related  to  the  run  size  of  these  fish  is  very  limited. 

Operation  of  the  project  for  power  generation  is  as  follows.     Water  at  the 
dam  is  passed  through  penstocks  to  a  powerhouse  1.3  miles  downriver. 
Although  the  project  license  (Federal  Energy  Regulatory  Commission  No.   2342) 
requires  maintenance  of  instream  flows,   several  changes  could  be  made  to 
improve  anadromous  fish  production  within  the  system. 

The  most  noteable  improvement  in  anadromous  fish  production  could  be 
made  by  providing  access  to  former  production  habitat  above  the  dam.     Both 
upstream  and  downstream  passage  facilities  would  be  required  as  well  as 
adequate  flows  for  their  operation.     The  Federal  Energy  Regulatory 
Commission  has  ordered  PP&L  to  study  the  feasibility  of  provide  fish  passage 
past  the  dam.     The  study  is  now  in  progress  and  must  be  completed  by 
September  1982.     In  addition  to  the  PP&L  study,   Public  Utility  District  No.   1 
of  Klickitat  County  (PUD)  is  funding  fisheries  studies  required  under  their 
preliminai^  permit  for  the  proposed  White  Salmon  River  (Federal  Energy 
Regulatory  Commission  No.   2811). 

The  proposed  objectives  for  the  fisheries  studies  are  as  follows:   (1) 
Classify,  map,  and  quantify  the  amounts  of  existing  fish  habitat  in  the 
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project  area;    (2)  determine  potential  anadromous  salmonid  production  in  areas 
upstream  of  Condit  Dam;    (3)   determine  present  extent  and  importance  of 
existing  sport  fishery  in  the  river  basin;    (4)  estimate  numbers  of  resident 
fish  in  areas  upstream  of  Condit  Dam;    (5)  examine  water  quality,  water 
quantity,   and  stream  flows;    (6)  identify  existing  limiting  factors  on  resident 
fish;    (7)  identify  potential  project-related  impacts  on  fish  and  sport  fishing 
and  recommend  mitigative  procedures;    (8)  identify  the  relationship  of 
streamflow  to  fish  habitat  using  the  U.S.   Fish  and  Wildlife  Service  Instream 
Flow  Study  Group  (IFG)  methodology;    (9)  describe  potential  effects  of 
superimposition  of  anadromous  species  on  resident  species;    (10)  determine  the 
effects  that  the  proposed  project  could  have  on  the  existing  flow  regime  below 
Condit  Dam;   and  (11)  determine  potential  for  change  in  water  temperature  in 
relation  to  the  project  with  emphasis  on  Northwestern  Lake. 

Although  detailed  studies  have  as  yet  not  been  completed,  it  is  estimated 
that  with  fish  passage  anadromous  fish  could  be  provided  access  to  30  -  40 
miles  of  stream.     The  1974  U.S.   Bureau  of  Reclamation  Appraisal  Report  for 
the  White  Salmon  Division,   Columbia  North  Side  Project  estimated  production 
potential  for  2,700  fall  Chinook  salmon,  3,200  summer  steelhead,  and  200  coho 
salmon  with  dam  removal.     However,  production  for  1,500  of  the  fall  Chinook 
total  was  dependent  upon  breaching  the  dam  and  re-establishment  of  suitable 
spawning  and  rearing  habitat  in  the  river  between  the  powerhouse  and  the 
inlet  to  the  existing  reservoir. 

Existing  anadromous  fish  production  could  be  improved  with  stabilized 
and  increased  river  flows  below  the  powerhouse.     The  project  operating 
license  requires  a  minimum  flow  of  15  cfs  to  be  maintained  in  the  1.3  miles 
between  the  dam  and  the  powerhouse.     Approximately  25  -  30  cfs  are 
presently  provided  due  to  leakage  past  the  dam.     However,  even  this  flow  is 
not  believed  to  be  sufficient  to  provide  available  production  potential. 
Spawning  gravel  is  scarce  within  this  reach;   however,  it  is  thought  that 
juvenile  steelhead  trout  and  coho  salmon  use  the  area  for  rearing. 

In  the  two  miles  of  river  from  the  powerhouse  to  the  river's  mouth,  flow 
releases  are  almost  always  sufficient  to  sustain  existing  fish  production.  The 
project  Federal  Energy  Regulatory  Commission  license  limits  flow  fluctuations 
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to  less  than  2.5  feet  within  any  24-hour  period  during  the  months  of 
September  through  mid-October.     Specific  data  needs  to  be  collected  to 
determine  acceptable  fluctuation  levels  providing  adequate  fish  protection. 
Data  also  needs  to  be  collected  to  determine  instream  flow  needs  between  the 
dam  and  powerhouse. 

Detrimental  flow  fluctuations  have  occurred  during  emergency  shutdown 
of  the  powerhouse.     During  these  periods  practically  no  flow  is  released 
causing  fish  losses,     A  system  needs  to  be  designed  to  provide  an  automatic 
turbine  bypass  pipe  and  outlet  to  prevent  extreme  flow  fluctuations  from 
occurring. 

Recommendation :     That  the  Power  Planning  Council  provide  programmatic 
support  for  the  ongoing  studies  to  determine  improved  anadromous  fish 
production  above  and  below  Condit  Dam  and  include  in  its  Fish  and  Wildlife 
Program  fish  passage  and  improved  instream  flows  should  these  and  past 
studies  indicate  feasibility. 
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Task  3.2.8:     Lower  McKenzie  River 

Past  studies  have  indicated  fish  production  problems  and  adverse  impacts 
on  fishing  due  to  Eugene  Water  and  Electric  Board's  power  diversions  on  the 
McKenzie  River.     These  diversions  remove  up  to  2,200  cfs  and  river  flows 
may  be  reduced  to  350  -  500  cfs  in  McKenzie  River,  the  most  important 
natural  producer  of  spring  chinook  salmon  in  the  Willamette  system.     The 
McKenzie  is  also  one  of  Oregon's  best  natural  producers  of  trout.     Studies  by 
Jensen  and  Mattson  (1953)  and  Pulford  and  Jensen  (1956)  indicate  greater 
flows  are  needed  for  fish  production.     Additional  studios  using  current 
techniques  should  be  conducted,   upon  which  sound  flow  recommendations  can 
be  based. 

Recommendation :     That  the  Power  Planning  Council  include  in  its  Fish  and 
Wildlife  Program  research  to  be  conducted  on  the  McKenzie  River  to  determine 
necessary  flows  required  to  maintain  anadromous  fishery  production. 
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Tnsk  3.2.9:      Upper  McKenzie  River 

Operation  of  the  Corps  of  Engineers'  Cougar  and  Blue  River  Dams  in  the 
upper  McKenzie  River  Basin  greatly  affect  flows  and  stream  temperatures  in 
the  McKenzie  River.     Studies  at  Cougar  Dam  (Ingram  and  Korn,   1969)   showed 
that  cold  water  released  from  the  bottom  of  Cougar  Dam  inhibited  the 
migration  of  adult  spring  Chinook.     Cold  spring  outflows  are  also  known  to 
inhibit  growth  of  juvenile  salmonids  and  therefore  reduce  their  survival. 

As  part  of  the  Corps  of  Engineers'  Strube-Cougar  Additional  Power 
Study,   fishery  agencies  proposed  a  restoration  plan  for  the  project  to  improve 
spring  Chinook  production  in  the  upper  McKenzie  and  improve  stream 
temperatures  for  fish.     Part  of  this  enhancement  plan  would  be  temperature 
control  of  the  Cougar  releases.     Although  the  evaluation  study  indicated  that 
Cougar  releases  inhibit  spring  Chinook  migrations  into  the  South  Fork ,  it  has 
not  been  shown  that  Cougar  influences  migration  into  the  main  McKenzie  above 
Leaburg.     Unnaturally  cold  stream  temperatures  in  the  spring  could  affect 
fish  detrimentally  in  at  least  three  ways:     by  inhibiting  upstream  migration, 
by  inhibiting  downstream  migration,  and  by  reducing  the  growth  rate  of 
juvenile  fish.     Therefore,   stream  temperatures  and  spring  chinook  counts 
over  a  20-year  period  were  investigated  to  determine  if  a  relationship  existed 
between  stream  temperatures  in  the  upper  McKenzie  and  numbers  of  wild 
spring  Chinook  produced.     The  review  indicated  that  operation  of  Cougar  and 
Blue  River  dams  lowered  spring  and  summer  water  temperatures  in  the  South 
Fork  McKenzie,  Blue  River,   and  mainstem  McKenzie  at  Vida.     June  water 
temperatures  at  Vida  are  now  averaging  4°F  less  than  before  construction  of 
the  projects.     Since  adult  spring  chinook  will  not  readily  migrate  upstream 
below  52*' F,  the  timing  of  the  migration  has  been  shifted  to  later  in  the 
summer.     It  is  believed  that  this  later  migration  results  in  abnormal 
distribution  of  adults  with  more  fish  remaining  in  the  lower  river. 

The  number  of  wild  spring  chinook  produced  in  the  upper  McKenzie  has 
dropped  dramatically  from  the  late  1950's  to  the  present.     While  wild  runs  in 
the  upper  McKenzie  has  been  substantially  reduced,   wild  runs  of  spring 
chinook  in  other  parts  of  the  lower  Columbia  system  and  hatchery  runs  into 
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t'lC  'V'illariette  have  been  stable  or  increasinpf.     This  information  suggests  that 
the  primary  cause  of  the  reduction  in  the  main  McKenzie  runs  lies  not  in  the 
ocean,  or  Columbia  or  Willamette,  but  in  the  upper  McKenzie  environment. 

Two  major  changes  in  the  upper  McKenzie  area  that  have  taken  place 
over  the  years  are  logging  and  dams.     Much  of  the  streamflow  of  the  upper 
McKenzie  comes  from  wilderness  areas  where  the  watershed  has  not  been 
disturbed.     Logging  has  taken  place  for  many  years  in  the  McKenzie,  but 
much  of  the  area  logged  years  ago  is  coming  back  with  good  cover. 
Therefore,   we  believe  that  logging  and  other  development  has  not  damaged 
the  spring  Chinook  habitat  in  proportion  to  the  reduction  in  the  runs. 

It  is  well  established  that  temperature  affects  growth  rates  of  juvenile 
Chinook.     The  average  summer  temperature  in  the  main  McKenzie  decreased  by 
2°F  after  Cougar  as  compared  to  before.     It  is  probable  that  the  upper 
McKenzie  after  Cougar  has  produced  smaller  smolts  that  resulted  in  reduced 
survival.     Further  evidence  of  the  growth  affects  of  Cougar  are  that  the 
trout  at  Leaburg  Hatchery  required  more  intensive     growth  management 
techniques  in  order  to  achieve  pre-Cougar  growth  levels  (John  Andrews  pers. 
comm. ) . 

Temperature  control  facilities  at  Cougar  and  Blue  River  would  take  water 
from  a  range  of  reservoir  depths  and  provide  springtime  temperatures  near  or 
better  than  before  the  projects  were  constructed.     We  believe  the  improved 
temperature  regime  would  return  runs  of  wild  spring  chinook  in  the  upper 
McKenzie  to  their  former  abundance  (6,800  fish),  or  an  increase  of  5,300  fish 
over  the  annual  run  of  l.bOO  fish  escaping  past  Leaburg  for  1974-77.     This 
increased  fishery  production  is  valued  annually  at  $2,470,000. 

It  is  recommended  that  temperature  control  facilities  be  added  to  Cougar 
and  Blue  River  dams.     The  benefits  would  include  the  5,300  wild  spring 
Chinook  mentioned  above  and  also  additional  summer  steelhead,  resident  trout, 
and  fall  chinook.  ^  .j.„. 

Recommendation :     That  the  Power  Planning  Council  include  in  its  Fish  and 
Wildlife  Program  the  installation  of  temperature  control  facilities  in  Cougar  and 
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Blue  River  dams  by  the  Corps  of  Engineers  to  restore  the  runs  of  spring 
Chinook  and  other  fish  species  in  the  McKenzie  River. 
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Tnsk  3.2.10:     North  Santiam  River 

Unpublished  data  developed  by  the  Oregon  Department  of  Fish  and 
Wildlife  indicates  that  there  are  serious  delays  in  adult  migration  and  poor 
fish  production  in  the  North  Santiam  River  below  Detroit  Dam  because  of  the 
very  low  temperatures  of  reservoir  releases.     This  problem  could  be  resolved 
by  retrofitting  the  dam  with  multi-level  temperature  control  facilities  that 
would  allow  selection  of  optimal  stream  temperatures  for  maximum  productivity. 

Recommendation :     That  the  Power  Planning  Council  include  in  its  Fish  and 
Wildlife  Program  research  to  investigate  the  feasibility  of  installing 
temperature  control  facilities  on  Detroit  Dam  and  the  installation  by  the  Coit)s 
of  Engineers  of  such  facilities,  if  so  indicated  by  the  feasibility  studies. 
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Subobjective  3.3:       Enhance  habitat  offsite  to  compensate  for 

anadromous  fish  populations  directly  affected 
by  power  development. 

To  compensate  for  losses  occurring  at  hydroelectric  dams  due  to 
construction  and  operation,  opportunities  exist  on  many  tributaries  for  habitat 
enhancement.     Significant  increases  in  production  and  contribution  to  fisheries 
can  be  achieved  through  improvement  of  habitat.     Enhancement  of  tributary 
habitat  has  been  carried  out  by  the  U.S.   Forest  Service  on  the  Entiat  River 
through  the  use  of  spawning  channels  and  on  the  Sawtooth  National  Forest 
through  the  screening  of  irrigation  diversions.     Fishery  agencies  also  have 
considerable  experience  in  habitat  improvement  efforts.     Examples  include 
riparian  restoration,   gravel  cleaning  or  replacement,  and  instream  flows. 

A  portion  of  the  compensation  for  unavoidable  passage  losses  should  be 
achieved  through  habitat  improvement  projects.  Many  projects  are  identified 
herein.     These  and  others  could  be  undertaken  immediately  with  funding. 

Because  of  the  inability  of  the  fishery  community  to  secure  enhancement 
funds,   programs  have  not  been  instituted.     Yearly  revenues  should  be 
provided  under  the  Power  Planning  Council's  Fish  and  Wildlife  Program  to 
initiate  enhancement  beginning  with  those  projects  currently  identified. 
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Tnsk  3.3.1:        Establish  a  process  which  identifies  and  justifies 
site-specific  habitat  improvement  projects  that 
resolve  limiting  production  factors. 

Vast  potential  exists  for  improving  salmon  and  steelhead  runs  with  offsite 
habitat  improvement  projects.     Many  of  these  projects  have  been  identified  in 
previous  planning  processes  but  have  not  been  constructed  due  to  lack  of 
funds.     Many  of  these  projects  are  now  included  herein  as  a  means  of 
compensation  for  power-related  losses. 

Inumerable  other  projects  are  possible  but  require  clear  identification, 
calculation  of  potential  fishery  benefits,  determination  of  construction  costs, 
appropriateness  for  fisheries  compensation  program,  and  solutions  to  potential 
institutional  barriers.     A  thorough  inventory  of  additional  habitat  projects 
that  can  help  attain  planned  species  compensation  goals  is  required.     As  with 
other  compensation  measures,  priority  should  be  given  to  projects  which 
would  increase  production  of  those  fish  stocks  most  severely  impacted  by  the 
power  system. 

A  team  of  fishery  habitat  biologists  and  engineers  should  be  established 
and  provided  two  years  to  catalog  the  most  necessary  and  feasible  habitat 
improvement  projects. 

Recommendation:     That  the  Power  Planning  Council  include  in  its  Fish  and 
Wildlife  Program  the  establishment  and  funding  of  a  biological  and  engineering 
team  to  inventory  and  develop  feasible  habitat  improvement  projects  for 
funding  with  power  revenues. 
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Task  3.3.2:     Yakima  River-Bumpinpf  Lake  Enlargement 

Introduction:     An  estimated  600,000  salmon  and  steelhead  annually  migrated 
into  the  Yakima  River  system  prior  to  1880.     By  1980,  the  escapement  had 
declined  to  a  total  of  approximately  11,000  fish:     3,000  spring  Chinook;   1,000 
fall  Chinook;   1,000  coho  salmon;   and  6,000  steelhead  trout.     The  major 
overriding  cause  of  this  decline  was  the  establishment  of  irrigated  agriculture 
in  the  Yakima  Basin  and  the  associated  construction  of  impassible  storage  and 
diversion  dams,     construction  of  unscreened  irrigation  intakes,  and  severe 
reductions  of  instream  flows.     Major  problems  that  are  continuing  to  contribute 
to  declining  anadromous  fish  runs  in  the  Basin  include  the  lack  of  adequate 
fish  ladders  and  protective  screens  at  diversion  dams,  and  the  lack  of 
adequate  spawning,  incubating,  and  rearing  flows.     The  Bureau  of 
Reclamation's  Bumping  Lake  Enlargement  Project  is  a  proposal  to  rectify  these 
existing  problems  and  to  partially  restore  the  anadromous  salmonid  runs  in  the 
Yakima  Basin. 

Bumping  Lake  is  an  existing  manmade  reservoir  (actually  an  enlargement 
of  a  small  glacial  lake)  located  on  the  eastern  slopes  of  the  Cascade  Mountains 
in  eastern  Washington.     The  lake  serves  as  a  storage  reservoir  for  irrigation 
purposes  in  the  Yakima  River  Basin.     Water  released  from  Bumping  Lake  for 
irrigation  travels  down  Bumping,   Naches,   and  Yakima  rivers  enroute  to  actual 
farm  delivery.     Presently,   Bumping  Lake  has  a  maximum  water  surface  area  of 
1,300  acres.     The  active  storage  volume  of  the  lake  is  33,700  acre-feet,  and 
the  average  annual  inflow  to  the  lake  is  approximately  200,000  acre-feet. 
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With  the  Bureau's  project,  a  number  of  construction  and  operation 
features  would  be  initiated;   foremost  among  them  would  be  the  enlargement  of 
existing  Bumping  Lake  Dam.     The  enlarged  lake  would  have  a  maximum  surface 
area  of  4,120  acres  and  an  active  storage  capacity  of  458,000  acre-feet.     Other 
project  features  considered  to  be  integral  parts  of  the  Bumping  Lake 
Enlargement  Project  include  improving  fish  passage  and  protective  facilities  at 
existing  barriers  in  the  Yakima  Basin  watershed  and  construction  of  hatchery 
facilities  to  accommodate  stocking  programs. 

The  Bumping  Lake  Enlargement  Project  is  a  multipurpose  project  that 
would  provide  benefits  to  the  functions  of  fish  and  wildlife  enhancement, 
irrigation,  recreation,  flood  control,  and  area  redevelopment.     One  of  the 
major  specific  purposes  of  this  proposed  project  would  be  to  enhance 
anadromous  fishery  resources.     Approximately  70  percent  of  the 
project -justifying  benefits  have  been  assigned  to  this  project  function.     The 
primary  enhancement  measure  which  would  result  in  fishery  enhancement  would 
be  to  provide  instream  flows  in  various  stream  reaches  throughout  the  Yakima 
Basin  during  annual  critical  periods.     Although  the  enlarged  reservoir  would 
not  refill  to  its  total  active  storage  capacity  each  year  due  to  the  lack  of 
sufficient  runoff,   324,300  acre-feet  of  the  new  volume  would  be  earmarked  as 
an  annual  "water  account"  for  fishery  maintenance  throughout  the  Yakima 
River  Basin.     Water  needed  solely  for  fishery  maintenance  could  be  released 
from  any  Bureau  of  Reclamation  reservoir  in  the  Yakima  Basin  with  the  amount 
of  water  used  credited  toward  the  324,300  acre-foot  account  at  enlarged 
Bumping  Lake.     Thus,  the  actual  water  stored  at  Bumping  Lake  might  not  be 
used  for  fishery  purposes  at  all,  but  rather  all  Yakima  Basin  storage 
reservoirs  would  include  potential  flows  for  fish. 
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Because  low-  water  years  can  be  especially  detrimental  to  fishery 
maintenance  and  enhancement  efforts.  Bumping  Reservoir  would  be  operated  on 
a  carryover  basis  so  that  water  would  be  available  for  release  in  those 
low-water  years.     Water  releases  for  the  the  fish  function  would  be  made  in 
the  fall  and  winter  months  when  little  or  no  irrigation  releases  are  made  and 
during  the  summer  to  maintain  minimum  flows  past  diversion  points. 

In  addition  to  providing  needed  instream  flows,   the  proposed  project 
would  greatly  improve  fish  passage  facilities  and  would  promulgate  a 
supplemental  fish  stocking  program.     Without  implementation  of  all  three  of 
these  programs,  optimum  enhancement  of  anadromous  fish  resources  would  not 
occur.     Table  1  lists  the  passage  facilities  to  be  improved  as  part  of  the 
project. 

A  stocking  program  would  be  used  to  re-establish  and  increase  fish  runs 
over  a  period  of  up  to  15  to  25  years,  at  which  time  natural  production  would 
be  expected  to  maintain  the  runs.     The  hatchery  facilities  would  possibly  be 
used  after  this  initial  period  to  establish /re-establish  runs  elsewhere  in  the 
Yakima  Basin.     The  location  of  hatchery  sites  has,  as  yet,  not  been 
determined.     Possible  locations  include  expansion  of  existing  facilities  at 
Klickitat,   Goldendale,  and  Ringold  Springs  and  construction  of  new  facilities  at 
Wenas  Springs,  on  Wenas  Creek,   and  Niles  Springs  and  other  springs  along 
the  Naches  River. 

The  anadromous  fishery  objective  of  this  project  would  be  to  greatly 
improve  conditions  in  the  Yakima  Basin  so  that  an  annual  escapement  of  19,800 
spring  Chinook,  4,600  fall  Chinook,   41,700  coho,   and  21,200  steelhead  would  be 
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maintained.     Based  on  1979  prices,  this  level  of  escapement  would  result  in 
annual  sport  and  commercial  fishing  benefits  of  approximately  $13,000,000. 

Current  Status;     The  Bureau  of  Reclamation  has  been  studying  the  proposal  to 
enlarge  Bumping  Lake  for  the  past  25  years.     Numerous  other  federal  agencies 
and  many  state  agencies,  including  National  Marine  Fisheries  Service,  Fish  and 
Wildlife  Service,   Bureau  of  Indian  Affairs,  Washington  Department  of  Fisheries, 
and  Washington  Department  of  Game,  have  contributed  to  these  study  efforts 
throughout  the  years.     In  1968,  the  first  formal  report  was  sent  to  Cabinet 
levels  indicating  that  the  project  was  feasible.     In  1976,  a  major  restudy 
resulted  in  the  formulation  of  a  feasibility  report  that  was  submitted  to 
Congress.     In  1979,  the  final  environmental  impact  statement  was  prepared  and 
a  project  re-evaluation  was  submitted  by  the  Bureau.     The  benefit-cost  ratio 
for  the  project  determined  in  that  re-evaluation  was  1.52  to  1. 

During  fiscal  year  1980,   U.S.   Representative  Mike  McCormack  sponsored 
H.R.   3489  to  authorize  the  project  and  led  the  bill  through  subcommittee  and 
committee  into  the  full  House.     The  bill  was  removed  from  the  agenda  as  the 
fiscal  year  1980  session  neared  completion.     This  was  partly  due  to  time 
constraints,  but  also  partly  due  to  opposition  from  some  enAdronmental  groups 
that  are  concerned  with  protection  of  wilderness  values  above  the  reservoir. 
These  groups  apparently  are  still  opposed  to  the  project  because  of  the 
expected  loss  of  potential  wilderness  acreage  due  to  inundation  by  enlarged 
Bumping  Lake.     In  order  to  authorize  the  Bureau  of  Reclamation  to  construct 
the  Bumping  Lake  Enlargement  Project,  the  first  step  would  have  to  be  for  a 
local  Congressman  to  resubmit  an  authorization  bill.     U.S.  Representative 
Sid  Morrison  has  publicly  indicated  that  he  is  considering  such  action. 
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Recently,   Bureau  of  Reclamation  initiated  a  feasibility  study  of  the 
proposed  Yakima  River  Basin  Water  Enhancement  Project  (YRBWEP).     This 
proposed  project,  like  the  Bumping  Lake  Enlargement  Project,  is  aimed  at 
providing  additional  water  storage  capacity  in  the  Yakima  Basin  to  provide 
improved  instream  flows  for  fishery  resources  and  to  provide  water  for  other 
purposes  such  as  irrigation  and  recreation.     Potential  increased  storage  sites 
for  the  YRBWEP  include  enlarging  Bumping  Lake,  as  well  as  constructing 
numerous  new  dams  in  the  watershed.     Thus,  Bumping  Lake  could  be  enlarged 
via  two  alternatives,  through  authorization  of  the  proposed  Bumping  Lake 
Enlargement  Project  or  as  an  integral  feature  of  the  proposed  YRBWEP  if  it  is 
authorized.     It  should  be  noted  that  authorization  of  the  YRBWEP  will  not  even 
be  considered  for  at  least  five  years. 

Many  interrelated  activities  are  ongoing  in  the  Yakima  Basin  pertinent  to 
this  discussion  about  Bumping  Lake  enlargement.     These  activities  must  be 
considered  in  order  to  accurately  understand  the  present  situation. 

The  State  of  Washington  is  presently  in  the  process  of  adjudicating  water 
rights  in  the  Yakima  Basin.     Associated  with  this,  the  Bureau  of  Indian 
Affairs  has  funded  the  Fish  and  Wildlife  Service  to  conduct  an  instream  flow 
study  in  the  Yakima  Basin  using  the  Instream  Flow  Group-4  Methodology. 
This  study  will  more  accurately  quantify  the  instream  flow  requirements  of 
anadromous  fish  in  the  watershed. 

Numerous  hydroelectric  production  proposals  are  being  investigated  in  the 
Yakima  Basin  by  private  firms  and  the  federal  government.     Most  of  these 
proposals  involve  utilizing  the  existing  flow  regimes  at  existing  reservoirs. 
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Thus,  a  third  major  variable,  in  addition  to  irrigation  and  fishery  interests, 
may  soon  complicate  the  issue  of  allocating  the  scarce  water  resources  !n  the 
Basin. 

Court  proceedings  during  the  winter  of  1980-81 ,  presided  over  by  Judge 
Quackenbush,  brought  to  the  surface  that  adequate  fish  flows  are  needed  and 
indeed  are  mandated  in  the  Yakima  Basin,  and  that  water  demand  in  the  Basin 
exceeds  the  available  stored  supply.     The  result  of  that  court  action  was  that 
flows  were  required  to  be  released  for  protection  of  fish  resources  during 
1980-81,  and  the  involved  resource  agencies  and  entities  were  required  to 
develop  long-range  solutions  to  the  water  use  conflicts. 

All  of  the  above-discussed  items  point  out  the  tremendous  need  for 
increased  storage  in  the  Yakima  Basin.     The  Bumping  Lake  Enlargement 
Project,  if  constructed,  would  be  an  important  step  toward  satisfying  the 
multipurpose  demands  for  more  water  in  the  Yakima  Basin. 

Recommendation :     That  the  Power  Planning  Council  include  in  its  Fish  and 
Wildlife  Program  the  construction  of  the  Bumping  Lake  Enlargement  Project. 
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Table  1.     Improvements  to  fish  passage  and  protective  facilities  in 

the  Yakima  Basin  proposed  as  features  of  the  Bumping  Lake 
Enlargement  Project. 


Diversion  Dam  or  Canal 


Horn  Rapids  Diversion  Dam 


Location 

Yakima  River,   18  miles 
upstream  from  mouth 


Type  of  Improvement 

Replace  left  and  right 
bank  ladders 


Prosser  Diversion  Dam 


Yakima  River  near 
city  of  Prosser 


Add  midstream  ladder 


Sunnvside  Diversion  Dam 


Yakima  River,  about 
1  mile  north  of  town 
of  Parker 


Replace  midstream  and 
right  bank  ladders  and 
add  new  ladder  on  left 
bank 


Wapato  Diversion  Dam 


Yakima  River,  about 
1  mile  north  of  town 
of  Parker 


Replace  right  bank  and 
midstream  ladder  and 
install  one  new  ladder 


Roza  Diversion  Dam 


Yakima  River,   about 
10  miles  north  of 
of  city  of  Yakima 


Rehabilitate  fish 
ladders  and  screens 


Town  Diversion  Dam 


Yakima  River  near 
city  of  Ellensburg 


Install  new  ladder  and 
screen 


Easton  Diversion  Dam 


Yakima  River  near 
town  of  Easton 


Replace  existing  ladder 
and  screen 


Old  Reservation  Canal 


Thorp  Mill  Ditch 


Yakima  River,  diverts 
just  upstream  from 
Sunnyside  Diversion  Dam 

Near  Ellensburg 


Install  screen 


Install  screen 
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Task  3.3.3(a):      Yakima  River-Horn  Rapids  Dam 

Horn  Rapids  Dam  is  of  timber  crib  construction,  at  R.M.   18  on  the 
Yakima  River.     The  dam  was  built  near  the  turn  of  the  century  by  the  Lower 
Yakima  Irrigation  Company. 

A  right  bank  diversion  to  Columbia  Canal  has  a  maximum  capacity  of  320 
cfs,  and  a  left  bank  diversion  to  the  Richland  Canal  has  a  maximum  capacity  of 
300  cfs.     Both  canal  companies  share  in  operation  of  the  dam. 

Presently,  there  are  not  passage  facilities  for  upstream  migrants.     A 
hydraulic  height  of  four  feet  permits  fish  to  swim  over  the  dam  at  high  flows, 
but  during  low  to  moderate  flows,   fish  passage  is  difficult  to  impossible.     Two 
concrete  vertical-slot  fishways  should  be  constructed  to  provide  fish  passage 
over  a  wide  range  of  flows. 

Both  diversion  canals  have  rotary  fish  screens  with  migrant  bypass 
facilities.  The  screening  facilities  do  not  meet  current  screening  design 
standards.  Both  screening  facilities  should  be  improved  to  meet  current 
screening  design  standards. 

The  fish  passage  problems  were  detailed  in  the  Bumping  Lake  Enlargement 
environmental  impact  statement. 

Recommendation :     That  the  Power  Planning  Council  include  in  its  Fish  and 
Wildlife  Program  the  construction  of  two  vertical-slot  fishways  and  improvement 
of  fish  screening  facilities  at  Horn  Rapids  Diversion  Dam  on  the  Yakima  River 
utilizing  power  revenues. 
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Task  3.3.3(b):     Yakima  River-Sunnyside  Dam 


Sunnyside  Dam  is  a  concrete  gravity  structure  on  the  Yakima  River  at 
R.M.   104  about  one  mile  east  of  Parker.     The  dam  was  built  in  1907  by  the 
Bureau  of  Reclamation.     A  left  bank  diversion  to  the  Sunnyside  Canal  provides 
a  maximum  of  1,320  cfs  to  the  Sunnyside  Irrigation  District.     The  dam  is 
operated  by  the  Sunnyside  District.     Several  hundred  feet  upstream  from  the 
dam,   a  right  bank  diversion  to  the  Old  Reservation  Canal  provides  a  maximum 
of  200  cfs  to  the  Wapato  Irrigation  District. 

Existing  fish  facilities  include  two  pool  and  weir-type  concrete  ladders, 
one  at  midstream  and  one  at  the  right  bank,   and  a  rotary  screening 
installation  with  bypass  provisions  on  the  Sunnyside  Diversion  Canal.     There 
are  no  fish  screens  on  the  Old  Reservation  Canal. 

The  existing  fishways  are  inadequate  for  efficient  adult  fish  passage. 
Three  new  concrete ,  vertical-slot  fishways  are  proposed.     A  single-slot 
fishway  should  be  located  on  each  bank  and  a  double-slot  structure  with  two 
entrances  should  be  strategically  located  with  respect  to  the  low-flow  channel. 
All  fishways  should  be  designed  to  operate  efficiently  from  minimum  flow  up  to 
a  river  flow  of  12,000  cfs.     Auxiliary  water  systems  should  be  provided  for 
reach  facility,   with  a  dual  system  for  the  double-slot  ladder. 

The  diversion  canal  has  rotary  fish  screens  with  migrant  bypass  facilities. 
The  screening  facilities  do  not  meet  current  screening  design  standards. 
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Therefore,  these  facilities  should  be  improved  to  meet  current  screening  design 
standards. 

A  rotary  screen  should  be  installed  on  the  Old  Reservation  Canal. 

The  fishery  passage  problems  were  detailed  in  the  Bumping  Lake 
Enlargement  environmental  impact  statement. 

Recommendation :     That  the  Power  Planning  Council  include  in  its  Fish  and 
Wildlife  Program  the  construction  of  three  vertical-slot  fishways  and 
improvement  of  fish  screening  facilities  at  Sunnyside  Diversion  Dam  on  the 
Yakima  River  utilizing  power  revenues. 
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Task  3.3.3(c):      Yakima  River-Wapato  Dam 

Wapato  Dam  is  a  concrete,   gravity  structure  located  at  R.M.   107  about 
1  mile  north  of  Parker.     The  dam  was  built  in  1917  by  the  Indian  Irrigation 
Service.     The  river  divides  into  two  branches  (the  east  and  west  branch) 
immediately  upstream  from  the  dam  and  remains  divided  for  2  miles.     A  right 
bank  diversion  on  the  west  branch  to  the  Main  Reservation  Canal  provides  a 
maximum  2,000  cfs  to  the  Wapato  Irrigation  Project,   which  operates  the  dam. 

Existing  fish  facilities  include  two  pool  and  weir-type  concrete  ladders, 
one  at  the  right  bank  and  one  at  midstream  in  the  east  branch  and  one  rotary 
screening  installation  wity  bypass  provisions  on  the  Main  Reservation  Canal. 

The  existing  fishways  on  the  east  branch  are  inadequate  for  efficient 
adult  fish  passage.     No  fish  passage  facility  exists  on  the  west  branch. 

Both  east  branch  fish  ladders  should  be  replaced  with  concrete 
vertical-slot  installations.     The  midstream  ladder,  accessible  from  left  bank  via 
cableway,   should  be  a  double-slot  structure  with  fish  entrances  on  each  side. 
A  single-slot  ladder  should  be  provided  at  all  three  fishways,  with  a  dual 
system  for  the  double  pool  midstream  installation.     All  three  fishways  should 
be  designed  to  operate  efficiently  in  flows  ranging  from  no  spill  to  13,500  cfs. 

The  diversion  canal  has  rotary  fish  screens  with  migrant  bypass  facilities. 
The  screening  facilities  do  not  meet  current  screening  design  standards. 
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Therefore,  these  facilities  should  be  improved  to  meet  current  screening  design 
standards. 

The  fish  passage  problems  were  detailed  in  the  Bumping  Lake  Enlargement 
environmental  impact  statement. 

Recommendation :     That  the  Power  Planning  Council  include  in  its  Fish  and 
Wildlife  Program  the  construction  of  three  vertical-slot  fishways  and 
improvement  of  fish  screening  facilities  at  Wapato  Diversion  Dam  on  the  Yakima 
River  utilizing  power  revenues. 
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Task  3.3.3(d):     Yakima  River-Ellensburg-Town  Dam 


Town  Dam  is  a  timber-aproned,  concrete  gravity  structure  at  R.M.   161  on 
the  Yakima  River  near  Ellensburg.     The  dam  was  built  about  1929  by  the 
Washington  Department  of  Highways  as  part  of  a  highway  relocation  project.     A 
left  bank  diversion  to  the  Town  Canal  provides  a  maximum  of  100  cfs.     The 
dam  IS  operated  by  the  Ellensburg  Water  Company. 

Existing  fish  facilities  consist  of  a  rotary  screen  installation  with  bypass 
provisions  on  the  EUensburg-Town  Canal  about  a  half-mile  downstream  from  the 
headworks.     This  facility  requires  extensive  annual  maintenance  because  of  the 
screen  location  and  length  of  the  bypass.     There  are  currently  no  fishways, 
making  adult  fish  passage  at  moderate  to  low  flows  difficult  to  impossible. 

A  vertical-slot  fishway  is  proposed  for  the  right  bank  and  fish  screens 
and  bypass  should  be  relocated  near  the  headworks. 

The  fish  passage  problems  were  detailed  in  the  Bumping  Lake  Enlargement 
environmental  impact  statement. 

Recommendation :     That  the  Power  Planning  Council  include  in  its  Fish  and 
Wildlife  Program  the  construction  of  a  vertical-slot  fishway  and  an  evaluation 
of  relocation  of  juvenile  fish  screens  at  Ellensburg  Town  Diversion  Dam  on  the 
Yakima  River  utilizing  power  revenues.     If  evaluation  findings  indicate  that 
screening  is  necesssary,   funding  of  construction  should  occur. 
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Task  3.3.3e:     Yakima  River-Easton  Dam 


Easton  Dam  is  a  concrete  gravity  structure  with  a  movable  crest 
consisting  of  a  single  drum  gate,  on  the  Yakima  River  at  R.M.   202  near 
Easton.     The  dam  was  built  in  1929  by  the  Bureau  of  Reclamation.     A  right 
bank  diversion  to  the  Kittitas  Main  Canal  provides  a  maximum  of  1,300  cfs. 
The  dam  is  operated  by  the  Kittitas  Reclamation  District. 

Existing  fish  facilities  include  a  concrete  pool  and  weir-type  ladder  on  the 
left  bank  and  a  bar-screen  installation  on  the  Kittitas  Main  Canal.     Problems 
with  the  fishway  include:     excessive  drop  between  pools,  undesirable  high 
velocities  and  turbulence  at  the  fishway  exit,  poor  entrance  location,  and 
inadequate  attraction  flow.     The  bar-screen  installation  on  the  diversion  is 
totally  inadequate  to  protect  downstream  migrants. 

The  proposed  facilities  include  a  new  vertical-slot  fishway.     The  fishway 
should  have  two  entrances  to  provide  access  at  all  flows  with  an  auxiliary 
water  supply  to  maintain  desirable  fishway  entrance  velocities  and  adequate 
transportation  velocities  through  the  inundated  portions  of  the  fishway  at  high 
tailwater  elevations.     The  new  structures  should  have  two  exits  into  the 
reservoir  to  operate  under  both  raised  and  lowered  spillway  gate  conditions. 

The  bar-screen  installation  in  the  Kittitas  Canal  should  be  replaced  with  a 
rotary-type  structure  with  provision  for  a  bypass. 

Recommendation:     That  the  Power  Planning  Council  include  in  its  Fish  and 
Wildlife  Program  the  construction  of  a  vertical-slot  fishway  and  fish  screen 
facilities  at  Easton  Diversion  Dam  on  the  Yakima  River  utilizing  power 
revenues. 


4!9»1 


Task  3.3.3(f):     Yakima  River-Snipes  and  Allen  Canal 

The  Snipes  and  Allen  Canal  diversion  located  on  the  Yakima  River  at 
R.M.   97  near  Buena,  currently  has  a  rotary  fish  screen  and  bypass  system. 
The  bypass  does  not  operate  adequately  at  higher  river  flows.     The  existing 
bypass  should  be  replaced  with  a  system  that  will  function  efficiently  at  all 
river  levels.     This  canal  diverts  a  maximum  flow  of  40  cfs. 

Recommendation :     That  the  Power  Planning  Council  include  in  its  Fish  and 
Wildlife  Program  replacement  of  the  fish  bypass  facilities  at  The  Snipes  and 
Allen  Canal  on  the  Yakima  River  utilizing  power  revenues. 
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Task  3.3.3(g):     Yakima  River-Thorp  Mill  Ditch 

This  is  an  earthen  ditch  with  a  wing  dam  which  diverts  up  to  112  cfs 
from  the  Yakima  River  at  R.M.   164  near  the  city  of  Thorp.     Presently  there 
are  no  juvenile  protection  facilities. 

The  ditch  should  be  screened  with  a  rotary-type  structure. 

Recommendation :     That  the  Power  Planning  Council  include  in  its  Fish  and 
Wildlife  Program  the  construction  of  fish  screening  facilities  at  Thorp  Mill 
Ditch  on  the  Yakima  River  utilizing  power  revenues. 
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Task  3.3.3(h):     Yakima  River-West  Side  Ditch 

This  is  an  earthen  ditch  which  diverts  100  cfs  from  the  Yakima  River  at 
R.M.   166  near  the  town  of  Thorp.     The  diversion  canal  has  rotary  fish 
screens  with  migrant  bypass  facilities.     The  screening  facilities  do  not  meet 
current  screening  desigh  standards.     Therefore,  these  facilities  should  be 
improved  to  meet  current  screening  design  standards. 

Recommendation :     That  the  Power  Planning  Council  include  in  its  Fish  and 
Wildlife  Program  the  construction  of  a  fish  screening  facility  at  West  Side  Ditch 
on  the  Yakima  River  utilizing  power  revenues. 
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Task  3.3.3(i):     Naches  River-Naches/Cowiche  Diversion  Dam 

This  structure  is  located  on  the  Naches  River  at  R.M.   4  just  upstream 
from  the  Highway  12  bridge.     There  are  currently  no  fishways,   making  adult 
fish  passage  at  moderate  to  low  flows  difficult  to  impossible.     A  vertical-slot 
fishway  and  fish  counting  facility  is  needed. 

Recommendation:     That  the  Power  Planning  Council  include  in  its  Fish  and 
Wildlife  Program  construction  of  vertical-slot  fishway  and  counting  facility  at 
Naches /Cowiche  Diversion  Dam  on  the  Naches  River  utilizing  power  revenues. 
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Tasks  3.3.3(i):     Yakima  River-Toppenish  Creek  Flood  Control  Project 

The  Toppenish  Creek  Flood  Control  Project  was  constructed  by  the 
Bureau  of  Indian  Affairs  in  the  mid-1970's  and  is  located  approximately  3i 
miles  south  of  White  Swan.     It  has  a  hydraulic  height  of  approximately  8  feet. 
There  is  currently  no  fishway  at  this  site  which  makes  adult  fish  passage 
difficult  to  impossible. 

The  construction  of  a  vertical-slot  fishway  is  needed  at  this  location. 

Recommendation:     That  the  Power  Planning  Council  include  in  its  Fish  and 
Wildlife  Program  the  construction  of  vertical-slot  fishways  on  Toppenish  Creek 
Flood  Control  Project  utilizing  power  revenues. 
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^'ask  3.3.3(k):     Toppenish  Creek  Diversion 

This  small  dam  diverts  water  from  Toppenish  Creek  into  the  Satus  Main 
Canal.     It  is  located  in  T.ION.,   R.21E.,   Sec,   32.     It  has  a  hydraulic  height  of 
approximately  5  feet,  and  is  owned  and  operated  by  the  Wapato  Irrigation 
District,   Bureau  of  Indian  Affairs.     There  currently  is  no  fishway  at  this 
diversion  and  passage  by  anadromous  fish  is  difficult  to  impossible.     There  is 
also  no  fish  screening  facility  on  the  Satus  Main  Canal,   which  allows  juvenile 
migrants  to  be  swept  into  the  Main  Canal  and  lost. 

Recommendation:     That  the  Power  Planning  Council  include  in  its  Fish  and 
Wildlife  Program  construction  of  vertical-slot  fishway  and  fish  screening  facility 
at  the  Toppenish  Creek  Diversion  utilizing  power  revenues. 
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Task  3.3.3(1):     Yakima  River-Marion  Drain  Diversion 

This  diversion  leads  water  from  Toppenish  Creek  into  Marion  Drain.     It  is 
located  in  T.ION.,   R.   18E.,   Sec.   22  and  is  owned  and  operated  by  the  Wapato 
Irrigation  District,  Bureau  of  Indian  Affairs.     There  currently  is  no  fish 
screening  facility  at  this  site  which  allows  juvenile  migrants  to  be  swept  into 
Marion  Drain  and  lost. 

Recommendation:  That  the  Power  Planning  Council  include  in  its  Fish  and 
Wildlife  Program  the  construction  of  a  fish  screening  facility  at  the  Marion 
Drain  Diversion  utilizing  power  revenues. 


498 


Task  3.3.4;     Deschutes  River  Tributaries 

Current  Status:     Based  on  the  May  1981  Fish  and  Wildlife  Planning  Aid  Report 
to  the  U.S.   Bureau  of  Reclamation  on  the  Deschutes  River  Basin  the  potential 
is  great  for  increasing  numbers  of  returning  adult  summer  steelhead  in 
Bakeoven,   Buckhollow,   and  Trout  Creeks.     The  report,   prepared  by  National 
Marine  Fisheries  Service  as  part  of  Bureau  of  Reclamation's  Eastern  Oregon 
Anadromous  Fish  Habitat  Restoration  Project,  outlined  increases  possible  in 
these  Deschutes  River  tributaries  from  flow  increases  and  restored  riparian 
vegetation.     Headwater  dams,  if  constructed,   would  provide  needed  flow 
increases  in  these  streams  and  account  for  the  following  run  size  improvements 
over  present  levels. 

Trout  Creek  550  adult  spawners 

Bakeoven  Creek  140  adult  spawners 

Buckhollow  Creek         170  adult  spawners 

The  inclusion  of  a  vigorous  riparian  restoration  program  in  conjunction 
with  flow  augmentation  yields  these  figures  for  increased  escapement: 

Trout  Creek  1,200  adult  spawners 

Bakeoven  Creek  300  adult  spawners 

Buckhollow  Creek         390  adult  spawners 

The  feasibility  of  constructing  these  small  headwater  impoundments  is 
doubtful  as  indicated  by  preliminary  cost  analysis  by  the  Bureau.     National 
Marine  Fisheries  Service  and  Fish  and  Wildlife  Service  have  now  developed 
figures  for  fishery  benefits  for  riparian  restoration  without  additional  water 
storage,   and  believe  that  this  program  is  a  third  alternative  in  the  Deschutes 
Basin.     It  is  less  capital  intensive  than  dam  construction  and  would  provide 
for  greatly  improved  anadromous  fish  habitat  on  these  streams.     The  estimates 
for  increased  escapement  due  solely  riparian  improvements  are: 

Trout  Creek  1,300  adult  spawners 

Bakeoven  Creek  180  adult  spawners 

Buckhollow  Creek         410  adult  spawners 
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The  report  to  the  Bureau  of  Reclamation  also  evaluated  the  potential  for 
providing  fish  passage  at  the  falls  on  White  River.     The  assessment,  based  on 
earlier  stream  surveys  by  Oregon  Department  of  Fish  and  Wildlife,  concluded 
that  from  500  to  1,600  steelhead  and  400  fall  Chinook  adults  could  migrate  to 
and  spawn  in  the  upper  White  River  drainage  if  passage  were  provided. 

The  mainstem  of  White  River  could  possible  support  twice  this  number 
of  steelhead  spawners  if  means  were  devised  to  trap  silt  entering  the  river 
from  glaciers  on  Mt.   Hood. 

Comparison  of  annual  steelhead  benefits  to  costs  for  the  riparian  • 
improvement  work  indicates  good  feasibility.     Other  benefits  would  also  be 
generated  through  improved  wildlife  populations,  improved  water  quality,   and 
reduced  bank  erosion. 

Recommendation :     That  the  Power  Planning  Council  include  in  its  Fish  and 
Wildlife  Program  the  implementation  of  riparian  restoration  on  Bakeoven, 
Buckhollow,   and  Trout  Creeks  utilizing  power  revenues,  and  feasibility  study 
of  passage  at  White  River  Falls  in  the  Deschutes  River  Basin. 
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Task  3.3.5;     Fish/Wash  Creek  Project  -  Clackamas  River 

Introduction:     Fish  creek  is  a  major  tributary  to  the  Clackamas  River.     Wash 
Creek  is  a  major  tributary  to  Fish  Creek.     This  system  is  considered  to  be  one 
of  the  major  producers  of  coho  salmon  and  winter  and  summer  steelhead  trout 
in  the  upper  Clackamas  system.     Flooding  in  the  mid-1960's  removed  much  of 
the  channel  structure  necessary  to  maintain  spawning  habitat.     Surveys  have 
indicated  over  50  percent  of  the  spawning  habitat  has  been  eliminated.     In 
addition,  road  building  and  timber  harvest  have  reduced  stream  shading  on  the 
upper  drainage  to  the  point  where  summer  water  temperatures  on  the  lower 
drainage  are  marginal  (65°  -  70°F)  for  salmonid  rearing. 

Proposal: 

First  Year 

A.  Construction 

Install  spawning  gravel  catchments  at  three  sites  on  Wash  Creek  and  five 
sites  on  Fish  Creek  immediately  below  the  confluence  with  Wash  Creek. 
Combinations  of  rock/boulder  berms  and  gabions  will  be  utilized. 

B.  Costs 

Construction  $30,000 

Administration  3,000 

Overhead  at  26  percent  8,600 

SUB   (1)     $41,600 

C.  Results 

2 
It  is  estimated  this  project  will  create  approximately  500-700  yd    of 

additional  spawning  habitat.     This  would  represent  an  80  percent  increase 

in  available  spawning  habitat.     This  additional  habitat  will  support 

approximately  200  pair  of  coho  and  200  pair  of  steelhead  spawning  adults. 
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Second  Year 


A.      Planting 


Perform  site  preparations  and  plant  combination  of  red  alder  (bare  root 
seedlings  gathered  locally) ,   willow ,  and  cottonwood  on  approximately 
22,000  lineal  feet  (approximately  20  acres)  of  mainstem  and  major 
perennial  stream  channel.     Plantings  will  be  in  a  zone  from  20  to  60  feet 
wide  depending  on  stream  width  and  aspect  at  each  site.     Release  and 
replanting  will  be  needed  during  years  3  and  4  on  approximately  30 
percent  of  the  area. 


B.      Costs: 


Site  preparation  (10  AC  at  $400/AC)  $  4,000 

Planting  contract  20  at  $300/ AC  6,000 

Replant  (6  AC  at  $200/AC)  1,200 

Release  (2  yr,   10  AC  at  $250/ AC)  2,500 

Administration  (years  1  and  2)  1,500 

Overhead  at  26  percent  4,000 

SUB   (2)  $19,200 


SUB   (1) 

$41,600 

SUB   (2) 

$19,200 

$60,800 

Total  Project  Cost 


Results 

Within  5-10  years  this  revegetation  work  will  result  in  about  a  5°F 
reduction  of  mainstem  summer  stream  temperatures  in  the  lower  3-4  miles 
of  Fish  Creek.     This  temperature  reduction  will  allow  full  utilization  of 
the  rearing  habitat  in  the  area.     This  project  will  be  very  complimentary 
with  the  upstream  spawning  habitat  improvement  work. 
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Estimated  annual  value  of  benefits  (minimum):  $65,000 

Recommendation :     That  the  Power  Planning  Council  include  in  its  Fish  and 
Wildlife  Program  the  construction  of  the  Fish/Wash  Creek  Project  utilizing 
power  revenues. 
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Task  3.3.6:     Lake  Branch  Habitat  Project  -  Hood  River 

Introduction:     The  Lake  Branch  is  a  major  tributary  to  Hood  River  and  is  the 
major  producer  of  both  winter  and  summer  steelhead  in  this  system. 
Presently,  the  system  is  not  producing  at  full  potential  due  to  a  variety  of 
features.     First,  a  12-foot  falls  at  R.M.   0.9,  in  bedrock,  is  partially  blocking 
upstream  access.     Passage  is  particularly  difficult  during  low  flow.     Annual 
blasting  is  required  to  maintain  existing  access.     Erosion  and  headward 
migration  of  this  falls  (1-2  feet /year)  are  primarily  responsible.     Another 
4-foot  falls/bedrock  chute  at  R.M.   2.8  is  also  creating  passage  problems, 
particularly  during  low  flows.     Both  of  the  previously  mentioned  obstructions 
are  in  private  ownership.     Log  jams  create  additional  passage  obstruction  at 
R.M.   3.9,  6.8  and  7.2.     Rearing  and  holding  habitat  is  of  reduced  quality 
between  R.M.   4.9  and  6.5.     Limited  pool  depth  and  cover  are  primarily 
responsible.     Finally,  between  R.M.   7.7  and  8,6  a  variety  of  conditions, 
including  greatly  reduced  shading,  lack  of  channel  structure,   and  severe 
erosion  and  widening  of  the  channel,  have  substantially  reduced  the  quality 
and  quantity  of  spawning  and  rearing  habitat. 

Proposal: 

Phase  1 

A.  Construction 

Oregon  Department  of  Fish  and  Wildlife  will  take  the  lead  in  providing 
long-term  corrections  for  passage  problems  on  private  ownership.     A 
passage  design  consultant  will  be  utilized  to  develop  a  design  correct 
passage  problems  at  the  lower  falls.     The  Forest  Service  will  take  the 
lead  in  correcting  passage  problems  on  the  National  Forest  through  partial 
removal  of  the  existing  jams. 

B.  Costs 

Design  consultant   (ODFW)  $10,000 
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Correct  lower  falls  (year  2)  est.  70,000 

Correct  upper  falls  (ODFW)  3,000 

Partial  removal  3  jams  (USPS)  15,000 

Administration  (ODFW)  3,000 

(USPS)  2,000 

Overhead  (USPS  at  26  percent)  4,400 

SUB   (1)   (ODFW)   $86,000 
SUB   (2)   (USPS)     21,400 

$107,400 

Phase  2 

A.  Construction 

A  variety  of  techniques,  including  boulder  placement,  rock  berms, 
gabions,  and  log  sills,  will  be  utilized  to  increase  the  quantity  and 
quality  of  rearing  and  holding  habitat  between  R.M,   4.9  and  6.5.     Based 
on  recent  survey  data  it  is  estimated  that  improvement  work  will  be 
applied  at  approximately  20-25  sites.     A  design  consultant  will  be  utilized 
during  the  first  year  to  assist  in  matching  specific  improvement 
techniques  to  individual  sites.     Construction  will  occur  during  year  2. 

B.  Costs 

Planning  (year  1)  $  3,500 

Consultant  (year  1)  5,000 

Construction  (year  2)  30,000 

Administration  (year  2)  2,500 

Evaluation  (year  1-4)  25,000 

Overhead  (26  percent)  17,000 

SUB   (3)       $73,000 

C .  Results 
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It  is  estimated  that  a  15  percent  increase  in  smolt  production  potential  will 
result  from  improvement  work.     Detailed  monitoring  of  the  area  will 
attempt  to  document  results  of  this  work. 

Phase  3 

A.  Construction  and  Planting 

This  will  focus  on  rehabilitating  habitat  between  R.M.   7,7  and  8.6. 
Streamside  plantings  of  alder  and  cottonwood  will  be  utilized  to  increase 
shading  and  provide  a  seed  source  for  downstream  areas.     Planning  will 
determine  specific  techniques  to  be  used  to  increqse  channel  structure 
and  greatly  minimize  channel  erosion.     Construction  work  will  occur 
during  years  2  and  3  of  this  phase. 

B .  Costs 


Site  preparation  (5  AC  at  $400/AC)         $  2,000 


Planting  (10  AC  at  $250/AC) 

2,500 

Planning 

3,500 

Consultant 

7,000 

Construction   (year  2)  est. 

40,000 

(year  3)  est. 

17,000 

Administration  (years  2  and  3) 

4,000 

Overhead 

20,000 

SUB   (4)     $96,000 

C.       Results 

Moderate  to  high  quality  spawning  and  rearing  habitat  will  be  provided 
through  this  0.9  mile  stretch.     Currently  the  production  potential  of  this 
habitat  is  rated  as  generally  low.     It  is  believed  that  a  50  percent 
increase  in  smolt  production  can  occur  from  this  work. 

Total  Costs:       Phases  1,2,   and  3 
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SUB  (1)  $  86,000 

SUB  (2)  21,400 

SUB  (3)  73,000 

SUB  (4)  96,000 

$276,400 


Estimated  annual  value  of  benefits  -  3  phases  (minimum):     $133,000 

Recommendation ;     That  the  Power  Planning  Council  include  in  its  Fish  and 
Wildlife  Program  the  construction  of  the  Lake  Branch  Habitat  Project  utilizing 
power  revenues. 


507 


Task  3.3.7:        Fisheries  Habitat  Improvement  -  John  Day  River  System 

Introduction:     The  John  Day  River  is  a  large  system  with  high  potential  for 
production  of  salmon  and  steelhead.     The  system  contains  one  of  the  few 
remaining  totally  wild  runs  of  spring  chinook  and  summer  steelhead  in 
Oregon.     However,  production  of  these  fish  is  currently  relatively  low  due  to 
natural  habitat  limitations  such  as  a  shortage  of  pool  areas  and  to  habitat 
degradation  caused  by  gold  dredging,   cattle  grazing,   etc.     It  is  feasible  to 
greatly  increase  production  of  anadromous  smolts  by  improving  stream  habitat. 
Successful  techniques  for  this  purpose  have  been  developed,   used,   and 
evaluated. 

The  approach  to  solving  the  problem  of  insufficient  fish  rearing  habitat 
is  through  direct  structural  habitat  improvement.     Installation  of  single  log 
weirs  to  form  pools  ideal  for  juvenile  rearing  space  is,  in  many  cases,  the 
most  cost  effective  means  found  to  date.     By  placing  the  weirs  in  series,  the 
area  of  pool  habitat  for  rearing  fish  can  be  doubled.     Additionally,   gold 
dredged  areas  can  be  reclaimed  and  degradation  of  stream  banks  by  cattle  can 
be  corrected  through  limiting  access  of  cattle  by  fencing  and  by 
reconstituting  stream  banks. 

Current  management  practices  for  timber  harvest,   range  allotment 
planning,  and  road  construction  are  aimed  at  minimizing  impacts  to  fisheries 
habitat.     Therefore,  a  program  directed  at  improvement  of  habitat  abused  in 
the  past  to  increase  smolt  production  available  from  Malheur  National  Forest 
streams  should  be  undertaken.     Projects  listed  below  should  be  considered 
individually  rather  than  as  a  package.     Construction  would  be  under  the 
supervision  of  the  U,   S.   Forest  Service  (USFS). 

Biologists  have  compared  test  (imoroved)  and  control  (unimproved)  areas 
in  various  parts  of  the  John  Day  system  to  evaluate  the  benefits  of  habitat 
improvement.     This  work  has  consistently  shown  that  improved  areas  are 
producing  five  times  the  number  of  smolts  found  in  unimproved  areas.     A 
fivefold  increase  in  smolt  production  justifies  the  expenditures  required  to 
improve  habitat. 
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3.3.7(A)       Main  Stem  John  Day  River 

Juvenile  chinook  and  steelhead  rear  in  the  main  stem  of  the  John  Day 
River.     However,  a  forest  survey  completed  in  1979  indicated  that  the  mean 
percentage  pool  area  was  only  15.65%.     The  objective  of  this  project  is  to 
provide  additional  rearing  habitat  for  juvenile  chinook  and  steelhead.     This 
will  be  accomplished  by  installing  30  pool  structures  in  the  main  stem  John 
Day  River. 

Cost  of  this  segment: 

Environmental  Assessment  Report  -  completed 
Construction  -  $30,000 

3.3.7(B):     Deer  Creek,  Tributary  to  South  Fork  John  Day  River 

While  Deer  Creek  has  certain  habitat  limitations,  it  is  an  important 
steelhead  producer  in  the  John  Day  system.     An  ODFW  survey  indicated  a 
pool: riffle  ratio  of  20:80,  indicating  rearing  area  is  somewhat  limited.     USFS 
and  ODFW  personnel  also  agree  that  riparian  vegetation  is  lacking  and  this  is 
causing  high  water  temperatures  in  the  summer. 

The  objectives  of  this  project  are  to  provide  additional  rearing  habitat 
for  juvenile  steelhead  and  to  reduce  summer  water  temperature  maximums. 
These  will  be  accomplished  through  installation  of  200  pooling  structures, 
protective  fencing  to  limit  access  of  grazing  animals  to  stream  banks  and 
revegetation  of  riparian  habitat. 

Cost  of  this  segment: 

EAR  -  $3,500  -  USFS  appropriated  funds 
Construction  -  $230,000 

3.3.7(C):     Murderers  Creek,  Tributary  to  South  Fork  John  Day  River 

Murderers  Creek  is  an  important  steelhead  producer  in  the  John  Day 
system,  but  produced  better  in  the  past  prior  to  habitat  degradation.     An 


509 


0')FW  survey  indicated  a  pool: riffle  ratio  of  28:72  and  a  lack  of  stream 
shading. 

The  objective  of  this  project  is  to  provide  additional  rearing  habitat  for 
juvenile  steelhead  and  reduce  stream  water  temperature  maximums.     These  will 
be  accomplished  through  installation  of  162  pooling  structures,  protective 
fencing  to  limit  access  of  grazing  animals,  and  riparian  zone  revegetation. 

Cost  of  this  segment: 

EAR  -  $4,000  USFWS  appropriated  funds 
Construction  -  $199,650 

3.3.7(D):     Fields  Creek,   Tributary  to  Main  Stem  John  Day  River 

An  ODFW  survey  showed  that  2.5  miles  of  Fields  Creek  contains  a 
pool: riffle  ratio  below  an  acceptable  level.     The  objective  of  this  project  is  to 
provide  additional  rearing  habitat  for  juvenile  steelhead  through  the 
installation  of  pooling  structures. 

Cost  of  this  segment: 

EAR  -  $2,000  USPS  appropriated  funds 
Construction  -  $94,875 

3.3.7(E):     East  Fork  Beech  Creek,   Tributary  to  Main  Stem  John  Day  River 

A  survey  by  ODFW  indicated  that  pool  area  constituted  only  12%  of  the 
8.75  miles  surveyed.     The  objective  of  this  project  is  to  provide  additional 
rearing  habitat  for  juvenile  steelhead  by  installing  pooling  structures. 

Cost  of  this  segment: 

EAR  -  $3,000  USES  appropriated  funds 
Construction  -  $126,500 

3.3.7(F):      Clear  Creek,   Tributary  of  Middle  Fork  John  Day  River 
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An  ODFW  survey  indicated  a  pool: riffle  ratio  of  17:83.     The  stream 
supports  good  quality  riparian  habitat  and  is  considered  overall  a  good 
quality  stream.     The  objective  of  this  project  is  to  provide  additional  chinook 
and  steelhead  rearing  habitat  by  installing  25  pooling  structures. 

Cost  of  this  segment: 

EAR  -  $1,500  USPS  appropriated  funds 
Construction  -  $34,775 

3.3.7(G):     Squaw  Creek,  Tributary  of  Middle  Fork  John  Day  River 

A  forest  survey  indicated  the  pool: riffle  ratio  is  100%  below  optimum.     In 
addition,  juvenile  chinook  salmon  rear  in  the  stream  above  the  principle 
spawning  grounds.     Most  upstream  movement  is  blocked  by  a  road  culvert. 

The  objective  of  this  project  is  to  provide  additional  rearing  habitat  for 
juvenile  chinook  and  steelhead  by  installing  80  pooling  structures  and 
providing  access  through  the  road  culvert. 

Cost  of  this  segment: 

EAR  -  $1,500  USPS  appropriated  funds 
Construction  -  $111,280 

3.3.7(H):     Canyon  Creek,  Tributary  of  Main  Stem  John  Day  River 

An  ODPW  survey  indicated  a  pool: riffle  ratio  of  24:76.     The  objective  of 
this  project  is  to  provide  additional  rearing  habitat  for  juvenile  steelhead  by 
installing  60  pooling  structures. 

Cost  of  this  segment: 

EAR  -  $5,000  USPS  appropriated  funds 
Construction  -  $83,460 

3.3.7(1):     Middle  Pork  John  Day  River 


;ii 


The  Middle  Fork  John  Day  River  is  an  important  production  area  for 
spring  Chinook  and  summer  steelhead.     There  are  insufficient  holding  areas 
for  adult  spring  Chinook  in  this  stream. 

The  objective  of  this  project  is  to  provide  15  additional  large  holding 
areas  for  adult  spring  Chinook.     These  areas  will  also  be  useful  for  holding 
adult  steelhead  and  will  provide  rearing  areas  for  both  species. 

Cost  of  this  segment: 

EAR  -  $2,000  USPS  appropriated  funds 
Construction  -  $45,000 

3.3.7(J):     Big  Boulder  Creek,   Tributary  of  Middle  Fork  John  Day  River 

An  ODFW  survey  showed  a  poohriffle  ratio  of  23:77.  The  objective  of 
this  project  is  to  provide  additional  rearing  habitat  for  juvenile  Chinook  and 
steelhead  by  installing  75  pooling  structures. 

Cost  of  this  segment: 

EAR  -  $4,000  USES  appropriated  funds 
Construction  -  $120,000 

3.3.7(K):     Granite  Boulder  Creek,  Tributary  of  Middle  Fork  John  Day  River 

An  ODFW  survey  showed  a  pool: riffle  ratio  of  13:87.  The  objective  of 
this  project  is  to  provide  additional  rearing  habitat  for  juvenile  chinook  and 
steelhead  by  installing  100  pooling  structures. 

Cost  of  this  segment: 

EAR  -  $4,000  USFS  appropriated  funds 
Construction  -  $160,000 

3.3.7(L):     Clear  Creek,   Granite  Creek,   Tributaries  of  North  Fork  John  Day 
River 


512 


Fish  habitat  in  Clear  Creek  was  badly  damaged  several  years  ago  by  a 
gold  dredging  operation.     Clear  and  Granite  Creeks  have  good  water  quality 
but  are  lacking  in  pools  for  holding  adult  salmon  and  steelhead  and  rearing 
juveniles. 

The  objective  of  this  project  is  to  provide  additional  adult  holding  and 
juvenile  rearing  areas  by  installing  95  fish  habitat  structures  (pooling 
structures  and  log  deflectors  to  protect  stream  banks)  in  4.5  miles  of  Clear 
and  Granite  Creeks. 

Cost  of  this  segment: 

Construction  $196,500 

This  project  would  be  scheduled  over  a  3-year  period  with  outlays  as 
follows:     First  year  -  $70,000;  second  year  -  $65,000;  third  year  -  $61,500. 

3.3.7(M):     North  Fork  John  Day  River 

The  North  Fork  is  the  most  important  producer  of  anadromous  fish  in  the 
John  Day  River  system.     During  the  1940's  gold  dredging  seriously  damaged 
portions  of  the  streambed  in  the  North  Fork. 

The  objective  of  this  project  is  to  open  and  restore  an  old  stream 
channel  blocked  and  damaged  by  gold  dredging.     This  will  increase  and 
improve  rearing  of  juvenile  anadromous  fish. 

Cost  of  this  segment: 

Construction  -  $17,300 


Recommendation :     That  the  Power  Planning  Council  include  in  its  Fish  and 
Wildlife  Program  construction  by  the  U.  S.  Forest  Sex^ce  of  habitat  projects 
in  the  John  Day  River  system  utilizing  power  revenues. 
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Task  3.3.8;     Fisheries  Habitat  Improvement  -  Walla  Walla  River  System 

Headwaters  of  the  Walla  Walla  River  lie  within  National  Forest  boundries. 
The  following  two  habitat  improvement  projects  would  improve  anadromous 
fisheries.     Work  could  be  supervised  and  undertaken  by  the  U.S.   Forest 
Service  utilizing  power  revenues. 

3.3.8   (A):     Touchet  River,  Tributary  of  Walla  Walla  River 

The  Touchet  River  was  formerly  a  good  producer  of  summer  steelhead. 
Degraded  habitat  within  the  river  added  to  fish  passage  problems  at  dams  on 
the  main  Columbia  River  have  reduced  this  population.     With  improved  fish 
passage  on  the  Columbia,  the  Touchet  River  habitat  would  become  more 
productive. 

This  project  consists  of  removing  a  round  culvert  which  is  causing  a  fish 
passage  problem  and  installing  an  open  arch  type  culvert.     The  project  would 
increase  use  of  existing  underutilized  habitat. 

Cost  of  this  segment: 

Construction  -  $25,000 

3.3.8   (B):     South  Fork  Walla  Walla  River,   Tributary  of  Walla  Walla  River 

The  South  Fork  Walla  Walla  River  is  naturally  deficient  in  rearing  pools 
for  anadromous  fish.     The  objective  of  this  project  is  to  construct  pooling 
structures  in  three  miles  of  the  South  Fork. 

Cost  of  this  segment: 

Construction  -  $15,000 

Recommendation ;     That  the  Power  Planning  Council  include  in  its  Fish  and 
Wildlife  Program  the  construction  by  the  U.S.   Forset  Service  of  anadromous 
fish  habitat  improvement  project  in  the  Walla  Walla  River  system  utilizing 
power  revenues. 
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Task  3.3.9:      Fisheries  Habitat  Improvement  -  Grande  Ronde  River  System 

Headwaters  of  the  Grande  Ronde  River  lie  within  National  Forest 
boundaries.     The  following  habitat  improvement  projects  would  significantly 
improve  anadromous  fisheries.     Work  could  be  supervised  and  undertaken  by 
the  U.S.  Forest  Service  utilizing  power  revenues. 

3.3.9  (A):     Phillips  Creek,  Tributary  of  Grande  Ronde  River 

Phillips  Creek  is  potentially  a  good  producer  of  summer  steelhead. 
However,  due  to  water  withdrawals,  portions  of  Phillips  Creek  are  dry  during 
the  summer  months. 

The  objective  of  this  project  is  to  improve  the  riffle: pool  ratio  and 
develop  pools  that  are  deep  enough  to  hold  adults  and  rear  juveniles  during 
the  summer  months. 

Cost  of  this  segment: 

Construction  -  $18,000 

3.3.9  (B):     Stream  rehabilitation  -  Grande  Ronde  River 

Numerous  small  tributaries  of  the  upper  Grande  Ronde  River  and  Joseph 
Creek  have  good  potential  for  production  of  juvenile  steelhead  and,  to  a 
lesser  extent,  spring  chinook.     However,  habitat  degradation  presently  limits 
their  production. 

The  objective  of  this  project  is  to  enhance  riparian  habitat  through 
fencing  to  control  activities  of  grazing  animals,  stream  bank  stabilization  to 
prevent  erosion,  and  revegetation  to  shade  the  streams  and  lower  water 
temperature. 
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The  streams  requiring  improvement  and  costs  for  each  are: 


Upper  Grande  Ronde  Tributaries 


Joseph  Creek  Tributaries 


Tributary 


Cost 


Tributary 


Costs 


McCoy  Creek  $  30,000 

Dark  Canyon  Creek  31,000 

Spring  Creek  25,000 

Sheep  Creek  24,000 

Chicken  Creek  20,000 
Environmental  assessment         15  ,000 

Total  $145,000           Total 


Peavine  Creek  $  33,000 

Elk  Creek  34,000 

Devils  Run  Creek  34,000 

Swamp  Creek  34,000 

Upper  Chesnimnus  Creek  47,000 

Environmental  assessment  15  ,000 
$197,000 


Comparison  of  test  (improved)  and  control  (unimproved)  areas  have 
shown  that  production  of  anadromous  fish  smolts  is  increased  by 
approximately  five  times  due  to  improvement  to  stream  banks  and  riparian 
vegetation . 

Recommendation :     That  the  Power  Planning  Council  include  in  its  Fish  and 
Wildlife  Program  the  construction  by  the  U.S.   Forest  Sei^vce  of  habitat 
improvement  projects  designated  for  the  Grande  Ronde  River  Basin  utilizing 
power  revenues. 
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'^'nsk  3.3.10:     Entiat  Riparian  Vegetation  Enhancement  -  Entiat  River 

Objective :     To  enhance  anadromous  fish  habitat. 

Project  Description:     The  project  is  located  between  Burns  and  Fox  Creeks 
along  the  Entiat  River,     Much  of  the  riparian  cover  was  removed  by  wildfire 
in  1970. 

Present  Situation:  An  unproductive  stream  has  about  1,000  aquatic  insects 
per  square  meter.  Measurements  between  Burns  and  Fox  Creeks  indicate  a 
population  of  less  than  150  aquatic  insects  per  square  meter. 

Project  Proposal:     Plant  deciduous  trees  within  the  riparian  zone  for  shading 
and  insect  drop.     Seed  areas  of  bare  soil  with  grasses  and  legumes.     Provide 
structural  devices  to  slow  stream  flow  (such  as  boulder  placement),  make 
meanders,   create  pools  and  provide  objects  with  interstices  for  aquatic  insect 
production.     Examine  the  feasibility  of  stream  enrichment  with  sucrose  or 
other  non-toxic  substances. 

Project  Benefits:     This  project  will  increase  the  rearing  capacity  of  the  Entiat 
fUver  for  anandromous  and  resident  fishes. 

Recommendation :  That  the  Power  Planning  Council  include  in  its  Fish  and 
vVildlifo  Program  implementation  by  the  U.S.  Forest  Service  of  riparian  and 
instream  habitat  improvement  on  the  Entiat  River  utilizing  power  revenues. 
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Task  3.3.11:       Fish  Habitat  Improvement  -  Warm  Springs  Indian 
Reservation 

Introduction:     The  construction  and  operation  of  Columbia  River  dams  has 
attributed  to  the  decrease  in  anadormous  fish  runs  migrating  to  and  from  the 
Deschutes  River  and  it's  tributaries.     The  waters  of  the  Warm  Springs  Indian 
Reservation  produce  a  large  portion  of  the  anadormous  fish  of  the  Deschutes 
River  system.     In  recent  history  reservation  streams  have  supplied  over  120 
miles  of  anadormous  tish  habitat.     Currently  only  80  miles  of  streams  are 
producing  fish  and  production  is  at  low  levels.     Development  of  fisheries 
enhancement  projects  to  increase  production  of  anadormous  fish  on  the  Warm 
Springs  Indian  Reservation  waters  is  critical. 

Current  Status:     In  1977  the  Warm  Springs  National  Fish  Hatchery  was 
completed.     The  hatchery  has  potential  to  increase  anadromous  fish  production 
throughout  the  reservation  streams.     This  potential  is  pivotal  on  the  level  of 
future  adult  returns. 

Currently  the  Bonneville  Power  Administration  is  funding  a  project  to 
provide  baseline  data  for  the  development  of  anadromous  fish  enhancement 
projects.     The  study  is  scheduled  for  completion  by  February  1982.     The 
objective  of  this  study  is  to  gather ,   analyze ,   and  compile  pertinent 
information  concerning  reservation  streams  and  their  anadromous  fish  stocks. 
This  information  would  detail  physical  and  biological  parameters  specific  to 
individual  reservation  watersheds. 

Identification  of  areas  where  information  is  deficient  will  also  be  a  task  of  the 
project.     The  watersheds  on  the  reservation  utilized  by  anadromous  fish  and 
being  investigated  under  this  project  are;   Shitite  Creek,   Beaver  Creek,  Mill 
Creek,   Badger  Creek,  and  the  Warm  Springs  River. 

Upon  completion  of  the  current  study;   additional  data  pertinent  and 
prerequisite  to  the  construction  of  anadromous  fish  enhancement  must  be 
compiled.     Once  this  preconstruction  information  is  developed,   construction 
can  be  initiated.     Following  construction,   monitoring  of  the  enhancement 
result  would  be  required. 
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Recommendation:     That  the  Power  Planning  Council  include  in  its  Fish  and 
Wildlife  Program  a  study  funded  with  power  revenues  to  obtain  necessary 
preconstruction  data  on  anadromous  fish  enhancement  projects  on  the  Warm 
Springs  Reservation  and  the  funding  and  implementation  of  the  projects 
following  necessary  study. 
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Task  3.3.12: :     Fishery  Habitat  Improvement  -  Idaho 

Many  opportunities  exist  in  the  anadromous  fish  producing  drainages  of 
Idaho  to  increase  the  future  production  of  salmon  and  steelhead.     The  four 
primary  areas  of  enhancement  include:     1)   Effective  screening  of  all  diversion 
projects,   2)   flow  augmentation,   3)   riparian  habitat  and  channel  improvement 
and  4)  pollution  abatement. 

In  some  drainages  the  production  capabilities  of  the  streams  could  be 
more  economically  and  effectively  increased  by  developing  incubation  channels 
or  actual  rearing  ponds  rather  than  trying  to  enhance  the  entire  drainage. 
These  channels  and  rearing  ponds  would  utilize  hatchery  eggs  to  supplement 
the  limited  wild  production. 

Potential  sites  for  incubation  channels  or  rearing  ponds  in  the  Clearwater 
drainage  include  Mission  Creek,  Lolo  Creek,   Newsome  Creek,  Red  River, 
Crooked  River,   Selway  River  and  the  Lochsa  River.     Detailed  information  on 
the  proposed  sites  is  available  in  the  files  of  the  Idaho  Department  of  Fish 
and  Game. 

3.3.12   (b):     Pole  Creek  Fish  Screen 

Project  Objective:     Among  fishery  biologists  familiar  with  the  streams  of  the 
Sawtooth  National  Recreation  Area  (SNRA) ,   Pole  Creek  is  considered  the 
highest  quality  fishery  habitat  within  the  SNRA.     The  stream  has  great 
potential  to  accommodate  spawning  and  rearing  of  anadromous  fish.     Pole 
Creek  is  also  a  popular  resident  fishery. 

Anadromous  production  has  been  eliminated  by  water  diversion  from 
seven  points  in  the  lower  three  miles  of  the  stream  for  irrigation  purposes. 
The  total  abstracted  water  rights  (65.6  cfs)  exceed  the  total  flow  instream 
throughout  most  of  the  irrigation  season,  leaving  Pole  Creek  dewatered.     A 
new  plan  to  use  a  center-pivot  sprinkler  system  rather  than  flood  irrigation 
will  draw  only  about  18  cfs  from  one  point,  leaving  enough  water  instream  to 
re-establish  chinook  and  steelhead  runs  to  Pole  Creek.     As  an  essential 


5?,0 


component  of  cooperative  efforts  with  the  State  of  Idaho  to  re-establish 
anadromous  stocks  in  Pole  Creek,  a  fish  screen  on  the  18  cfs  diversion  will 
be  needed  to  protect  downstream  migrating  smolts. 

Initiation  Date  (estimated):     As  soon  as  possible,  prior  to  June  1984, 

Completion  Date  (estimated):     As  soon  as  possible,  prior  to  August  1984. 

Cost  (Total):     $28,000-$30 ,000 

Project  Benefit:     The  completion  of  this  project  would  allow  for  effective 
utilization  of  3  miles  of  stream  above  the  diversion  and  4.5  miles  of  stream 
below  the  diversion.     It  has  been  estimated  that  this  habitat  could  sustain  625 
spawning  Chinook  and  1075  steelhead  spawners.     Using  1980  figures  for 
economic  value  of  Chinook  salmon  ($294.23/spawning  fish)  and  steelhead  trout 
($271.26/spawning  fish),  the  annual  dollar  value  of  anadromous  fish  produced 
in  Pole  Creek  is  $475,498. 

3.3.12   (c):     Lapwai  Creek 

Stream  Location:     Lapwai  Creek  is  28  miles  long  and  enters  the  mainstream 
Clearwater  River  at  River  Mile  (RM)   11.8. 

Problem:     Lapwai  Creek  annually  supports  a  few  spawning  steelhead,  but  low 
summer  flows  is  a  limiting  factor  to  increasing  steelhead  production.     Riparian 
degradation  from  livestock  grazing  has  also  contributed  to  stream  temperature 
and  sedimatation  problems. 

Species:     Steelhead 

Proposed  Enhancement:     Flow  augumentation  is  needed  to  increase  low  summer 
flows  and  reduce  stream  temperatures,  thereby  increasing  steelhead 
production  potential. 

Data  Needs:     An  Instream  Flow  Group  (IFG)  incremental  flow  study  has  been 
conducted  by  the  U.S.   Fish  and  Wildlife  Service,     The  only  additional  data 
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needed  is  fish  standing  crop  data  which  would  be  correleated  to  flows  to 
predict  increases  in  fish  biomass  under  the  modeled  flow  regimes  detailed  in 
the  FWS  flow  study  report. 

Identified  by:     Idaho  Department  of  Fish. and  Game  (IDFG),   U.S.   Fish  and 
Wildlife  Service  (FWS),  Nez  Perce  Tribe  (NPT). 

3.3.12   (d):     Potlatch  River 

Stream  Location:     The  Potlatch  River  is  52  miles  long  and  enters  the  mainstem 
Clearwater  River  at  river  mile  15.1. 

Problems:     Dryland  farming  practices  and  logging  in  headwater  tributaties 
have  caused  general  sedimentation  and  low  flows  which  cause  temperature 
problems  in  the  river.     Much  of  the  drainage  is  privately-owned  wheat  and 
cattle  farms  and  riparian  zone  fencing  is  lacking. 

Species:     Steelhead 

Proposed  Enhancement:     Extensive  riparian  rehabilitation,  bank  stabilization 
and  livestock  fencing  are  needed,  mostly  on  private  land.     In  addition,   a  flow 
augmentation  project  to  increase  low  summer  flows  and  decrease  stream 
temperatures  is  needed.     The  Bureau  of  Reclamation  is  presently  looking  at 
the  possibility  of  building  a  flow  augumentation  dam  at  Fry  Meadows  on  the 
East  Fork  of  Potlatch  Creek. 

Data  Needs:     An  IFG  flow  study  is  needed  to  estimate  increases  to  instream 
habitat  available  under  augmented  flow  regimes.     Correlations  of  various  flows 
to  fish  standing  crops  would  be  developed  from  applicable  data  and/or  from 
fish  population  surveys  from  a  similar  stream.     Biomass  data  would  be 
difficult  to  develop  from  surveys  within  this  stream  itself,  because  it  is 
drastically  underutilized.     Stream  surveys  from  the  Potlatch  would  lead  to 
estimates  in  the  fish  biomass  predictions. 

Identified  by:     IDFG,   Idaho  Department  of  Water  Recources  (IDWR),   Idaho 
Department  of  Health  and  Welfare  (IDHW). 


3.3.12  (e):     Clear  Creek 


Stream  Location:     Clear  Creek  flows  into  the  Middle  Fork  Clearwater  River  at 
river  mile  77.0.     The  Kooskia  National  Fish  Hatchery  is  near  the  mouth  of  the 
creek. 


Problem:     The  creek  has  numerous  problems  that  adversely  affect  anadromous 
fish  habitat,  hatchery  operations  and  general  water  quality.     The  problems 
are  basin  wide  and  difficult  to  pinpoint.     Basically,  intensive  land  use  in  the 
form  of  logging,   grazing  and  farming  has  created  the  situation  where  any  rain 
results  in  heavy  silt  loads  downstream.     There  is  8dso  a  low  summer  flow 
problem. 

Species:     Steelhead,   spring  Chinook  salmon 

Proposed  Enhancement:     To  re-establish  anadromous  fish  habitat  in  the  stream 
the  following  measures  are  needed:     1)  flow  enhancement  for  low  summer  flow 
and  temperature  control,   2)   streambank  protection,   3)   channel  rehabilitation, 
and  4)   spawning  ground  improvements.     Flow  augmentation  would  require  a 
headwater  storage  reservoir. 

An  extensive  program,  encompassing  the  above  restorative  efforts,  would 
pay  double  dividends  in  this  stream:     enhancement  of  natural  anadromous  fish 
production  protential  and  reduction  of  water  quality  problems  at  Kooskia  NFH 
which  have  a  direct  impact  on  the  hatcheries  productive  capabilities. 

Data  Needs:     An  instream  flow  study  would  be  needed  to  predict  increases  to 
instream  fish  habitat  that  would  result  from  flow  augmentation.     As  the  stream 
is  drastically  under  utilized  by  anadromous  fish,  correlations  of  flows  to  fish 
biomass  would  probably  have  to  be  developed  from  "similar  stream"  data  so  as 
not  to  under  estimate  enhancement  potentials. 

Identified  by:     IDFG,   FWS ,   IDWR 

3.3.12   (e):     Lemhi  River 
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Stream  Location:     This  62-mile  long  river  empties  into  the  Salmon  River  at  RM 
251. 

Problem:     All  water  is  appropriated  for  irrigation  purposes,   and  thus  it  is 
fully  diverted  in  low  water  years.     Juvenile  salmonid  rearing  and  adult 
passage  are  adversely  affected  by  the  low  flows. 

Species:     Chinook  salmon,   steelhead 

Proposed  Enhancement:     Construct  a  storage  dam  and  reservoir  in  the 
headwaters  of  this  stream  or  a  tributary  to  provide  stored  water  for 
controlled  release.     The  increased  flows  will  enhance  fishery  habitat  for 
juvenile  rearing  and  adult  passage 

Data  Needs:     A  reservoir  site  must  be  identified  and  analyzed.     Detailed 
analyses  of  required  flows  must  be  competed  using  the  IFG  method.     Estimates 
of  increased  fishery  habitat  and  productivity  must  be  determined  by 
measuring  standing  crop  and/or  using  historical  data. 

Identified  by:     IDFG  -  Salmon 

3.3.12   (f):     Alturas  Lake  Creek 

Site  Description:     This  upper  Salmon  River  tributary  enters  the  Salmon  River 
about  RM  390. 

Problem:     All  of  the  Altures  Creek  flows  are  diverted  to  private  pasture  lands 
in  many  years.     As  a  result,   sockeye  salmon  passage  to  the  lake  has  been 
blocked  and  this  historically  significant  run  has  been  eliminated.     The 
diversion  and  resulting  dewatering  has  reduced  the  upstream  spring  chinook 
spawning  escapement  by  60  percent  and  downstream  juvenile  chinook 
production  by  about  50  percent. 

Species:     Spring  chinook  and  sockeye  salmon 
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Proposed  Enhancement;     Contruct  a  2-foot  high,  regulating  dam  at  the  natural 
outlet  of  Alturas  Lake  to  store  about  1600  acre-feet  of  water  for  release  into 
the  creek.     The  increased  flows  would  allow  3000  to  6000  sockeye  to  be 
produced  in  Alturas  Lake  and  96  percent  of  the  chinook  to  pass  the 
diversion.     Chinook  production  below  the  diversion  would  reach  80  percent  of 
potential.     Costs  were  estimted  by  the  USFS  to  be  $300,000  for  the  dam  and 
screens  and  $75,000  for  fish  ladders. 

Data  Needs:     Because  of  extensive  analyses  already  completed,   minimum  field 
data  will  be  needed.     Cost  and  benefit  analyses  wiU  be  necessary. 

Identified  by:     USFS,   IDFG 

3.3.12  (g):     Carmen  Creek 

Stream  Location:       This  13-mile  long  stream  enters  the  Salmon  River  about  RM 
246. 

Problem:     Low  summer  flows  restrict  anadromous  fish  use  of  this  stream.     All 
water  is  appropriated  for  irrigation  purposes  and  anadromous  fish  runs  have 
essentialy  been  eliminated. 

Species:     Chinook  salmon,  steelhead 

Proposed  Enhancement:     Construct  a  storage  reservoir  in  the  headwaters  of 
the  stream  for  later  release  of  water  to  augment  flows  and  create  suitable 
fishery  habitat. 

Data  Needs:     A  storage  site  must  be  identified  and  detailed  analysis  of 
required  flows  must  be  completed  using  the  IFG  method.     An  analysis  of  past 
records  and  of  anadromous  fish  productivity  of  a  similar  stream  will  be 
necessary  to  determine  potential  fish  production  under  augmented  flow 
regimes. 

Identified  by:     IDFG  -  Salmon 
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3.3.12   (h):     Lolo  Creek 

Stream  Location:     Lolo  Creek  enter  the  Clearwater  River  at  river  mile  54.1, 


Problem :     As  a  result  of  heavy  logging  several  areas,  in  the  approximately 
ten  miles  of  stream  indicated  on  the  map,   are  in  need  of  channel  and  riparian 
zone  stabilization. 


Species:     Spring  Chinook  salmon,   steelhead 

Proposed  Enhancement:     A  stream  rehabilitation  project  is  needed  to  restore 
biolological  productivity  to  this  section  of  stream  and  increase  it's  production 
protential  for  anadromous  fish.     Instream  rehabilitation  options  include 
boulder  placement  for  cover  and  bank  scouring  protection  and/or  planted  to 
stabilze  the  bank  and  provide  cover  for  fish.     Estimated  cost  is  $50,000. 

Data  Needs:     Identify  specific  reaches  of  the  stream  where  stream  habitat 
improvements  would  yield  greatest  results.     Detailed  surveys  are  needed  to 
measure  acres  of  instream  habitat  that  could  be  enhanced  with  a  riparian 
restoration  project.     Data  to  quantify  expected  increases  to  fish  habitat  and 
standing  crops  would  be  developed  with  fish  population  standing  crop  surveys 
and/or  use  of  applicable  data  and  information  from  similar  streams. 

Identified  by:     USPS  -  Clearwater  N.F. 

3.3.12(i):     Red  River 

Stream  Location:     The  Red  River  and  American  River  converge  at  river  mile 
62.5  to  form  the  South  Fork  Clearwater  River. 

Problem :     A  9.5.   mile  section  of  the  river  in  the  Red  River  Meadows  area  has 
been  severely  impacted  by  livestock  grazing;   riparian  areas  have  been 
denuded  and  physical  damage  has  occurred  to  the  streambed.     These  actions 
have  tremendously  reduced  the  fish  production  capabilities  of  the  stream. 
This  problem  occurs  on  privately-owned  land. 
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Species:     Spring  and  summer  chinook  salmon 

Proposed  Enhancement:     Fencing  of  this  area  to  keep  livestock  out  would 
allow  the  riparian  zones  to  recover  and  greatly  enhance  the  fish  production 
potential  of  approximately  30  acres  of  stream  habitat. 

Data  Needs:     Identify  specific  reaches  of  the  stream  where  stream  habitat 
improvements  would  yield  greatest  results.     Detailed  surveys  are  needed  to 
measure  acres  of  instream  habitat  that  could  be  enhanced  with  a  riparian 
restoration  project.     Data  to  qantify  expected  increased  to  fish  habitat  and 
standing  crops  would  be  developed  with  fish  population  standing  crop  surveys 
and/or  use  of  applicable  data  and  information  from  similar  streams. 

Identified  by:     USPS  -  Nez  Perce  N.F. 

3.3.12   (]•):     East  Fork  South  Fork  Salmon  River 

Stream  Location:     The  East  Fork  flows  into  the  South  Fork  Salmon  River  at 
RM  37. 

Problem :     The  stream  bank  has  been  denuded  from  5  to  10  miles  below  the  old 
mining  town  of  Stibnite  since  the  mid-1960's  when  a  dam  failed. 

Species:     Spring  chinook  salmon,   steelhead 

Proposed  Enhancement:     A  stream  rehabilitation  project  is  needed  to  restore 
biological  productivity  to  the  5-10  miles  of  stream  and  increase  it's 
anadromous  fish  production  potentials.     Riparian  plant  species  would  be 
planted  to  stabilize  the  bank  and  provide  cover. 

Data  Needs:     Detailed  surveys  are  needed  to  measure  acres  of  instream 
habitat  that  could  be  enhanced.     Standing  crops  surveys  will  be  made  and 
combined  with  existing  flow  date  to  quantify  expected  increases  in  standing 
crops.     Feasibility  of  establishing  suitable  plants  will  also  be  analyzed. 

Identified  by:     USES  -  Payette  N.F. 


3.3.12  (k):     Camas  Creek 

Stream  Location:  This  stream  is  about  38  miles  in  length  and  enters  the 
Middle  Fork  Salmon  River  at  RM  35. 

Problem:  Heavy  livestock  grazing  in  the  Meyer's  Cove  area  (RM  12)  has 
degraded  channel  and  riparian  habitat  conditions.  Spawning  and  rearing 
habitat  has  been  lost  or  reduced  in  quality. 

Species:     Spring  chinook  salmon,   steelhead 

Proposed  Enhancement:     A  stream  rehabilitation  project  is  needed  to  restore 
biological  productivity  to  the  four  miles  of  stream  and  increase  it's 
anadromous  fish  production  potentials.     Fencing  may  be  recommended  and 
riparian  species  might  be  planted  to  stabilize  the  bank  and  provide  cover. 

Data  Needs:     Detailed  surveys  are  needed  to  measure  acres  of  instream 
habitat  that  could  be  enhanced  with  a  riparian  restoration  project.     Data  to 
quantify  expected  increases  to  fish  habitat  and  standing  crops  would  be 
developed  with  fish  population  standing  crop  surveys  and/or  use  of  applicable 
data  and  information  from  similar  streams. 

Identified  by:     IDFG  -  Salmon 

3.3.12   (1):     Marsh  Creek 

Stream  Location:     This  14.5  mile  long  stream  entes  the  Middle  Fork  Salmon 
River  at  RM  106. 

Problem:     Heavy  livestock  use  has  caused  degradation  of  the  stream  between 
Knapp  Creek  (RM  10)   and  Cape  Horn  Creek  (RM  6).     Channel  sloughing  has 
occurred  and  the  quality  of  riparian  habitat  has  been  reduced,   which  has 
reduced  the  anadromous  fish  production  potential  of  this  stream. 

Species:     Chinook  salmon,   steelhead 
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Proposed  Enhancement:     A  stream  rehabilitation  project  is  needed  to  restore 
biological  productivity  to  the  four  miles  of  stream  and  increase  it's 
anadromous  fish  production  potentials.     Fencing  may  be  recommended  and 
riparian  plant  species  might  be  planted  to  stablize  the  bank  and  provide 
cover. 

Data  Needs:     Detailed  surveys  are  needed  to  measure  acres  of  increased 
habitat  that  could  be  enhanced  with  a  riparian  restoration  project.     Data  to 
quantify  expected  increases  to  fish  habitat  and  standing  crops  would  be 
developed  with  fish  population  standing  crop  surveys  and/or  use  of  applicable 
data  and  information  from  similar  streams. 

Identified  by:     IDFG  -  Salmon 

3.3.12   (m):     Bear  Valley  Creek 

Stream  Location:     This  37 -mile  long  stream  enters  the  Middle  Fork  at  RM  106. 

Problem :     About  900  acres  of  land  has  been  mined  in  the  valley  bottom, 
sedimentation  from  unstable  stream  banks  has  been  a  chronic  problem. 
Livestock  use  has  been  heavy  and  has  caused  further  loss  of  bank  stability 
and  riparian  vegetation.     The  cummulative  effect  of  these  problems  has 
reduced  anadromous  fish  productivity. 

Species:     Spring  chinook  salmon,   steelhead 

Proposed  Enhancement:     The  stream  channel  and  surrounding  area  would  be 
stabilized  and  riparian  and  other  appropriate  vegetation  would  be  planted. 
Certain  segments  may  be  protected  from  livestock  use  by  fencing. 

Data  Needs:     Extensive  data  are  available  which  will  be  sufficient  to  determine 
hCTieflts.     However,   studies  will  be  necessary  to  determine  the  appropriate 
reclamation  techniques. 

Identified  by:      USFS  -  Boise  N.F.,   IDFG  -  Region  III 
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Note:     The  area  is  privately  owned  and  further  mining  could  occur. 

3.3.12   (n);     Bear  Valley  Stream  Channel  Stabilization 

Objective :     Stabilize  about  1  mile  of  stream  channel  that  makes  major  channel 
changes  each  year  and  causes  severe  bank  cutting.     This  cutting  adds  about 
20,000  to  30,000  cubic  yards  of  fine  material  annually  to  important  chinook 
spawning  habitat. 

Beginning  Date:  1984  -  engineering 

1985  -  construction 

Completion  Date:     1986 

Cost:      $200,000 

Benefit:     Stabilizing  streambanks  on  this  mining  property  with  gabions  and 
riprap  material  will  prevent  the  constant  annual  sedimentation  of  important 
salmon  spawning  and  rearing  areas  in  Bear  Valley  Creek.     About  18  miles  of 
stream  will  show  a  benefit  from  this  project  with  an  estimated  100,000  square 
yards  of  spawning  gravel  improved  and  600,000  square  yards  of  rearing  area. 
The  improved  spawning  and  rearing  space  will  increase  smolt  capability  by  an 
estimated  40  percent,  or  75,000  smolts  to  the  ocean. 

3.3.12  (o):     Elk  Creek 

Stream  Location:     This  22-mile  long  stream  enters  Bear  Valley  Creek  at  RM 
11. 

Problem:     Heavy  cattle  use  in  the  lower  portion  of  the  stream  has  degraded 
the  stream  banks  and  reduced  riparian  vegetation.     The  result  has  been  a 
general  reduction  in  water  quality  and  anadromous  fish  production. 

Species:     Spring  chinook  salmon,   steelhead 
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Proposed  Enhancement:     Fence  cattle  from  certain  stream  reaches  to  allow 
vegetation  recovery  and  bank  stabilization.     Riparian  plant  species  may  be 
planted  if  needed. 

Data  Needs:     Identify  specific  reaches  of  the  stream  where  stream  habitat 
improvements  would  yield  greatest  results.     Detailed  surveys  are  needed  to 
measure  acres  of  instream  habitat  that  could  be  enhance  with  a  riparian 
restoration  project.     Data  to  quantify  expected  increases  to  fish  habitat  and 
standing  crops  would  be  developed  with  fish  population  standing  crop  surveys 
and/or  use  of  applicable  data  and  information  from  similar  streams. 

Identified  by:     IDFG  -  Region  II 

3.3.12   (p):     Panther  Creek 

Stream  Location:     Panther  Creek  is  43  miles  long  and  enters  the  Salmon  River 
at  RM  203. 

Problem:     Water  seepage  and  leaching  from  the  old  Blackbird  Mine  and  other 
mines  have  created  a  toxic  environment  for  most  aquatic  life  in  Panther 
Creek.     No  anadromous  fish  redds  have  been  observed  in  the  creek  since 
1963. 

Species:     Spring  chinook  salmon,   steelhead 

Proposed  Enhancement:     A  rehabilitation  project  is  needed  to  restore  biological 
productivity  to  several  streams  adversely  affected  by  mining  activities. 
Fencing  may  be  recommended  and  riparian  plant  species  might  be  planted  to 
stabilize  the  bank  and  provide  cover. 

Data  Needs:     Detailed  surveys  are  needed  to  measure  acres  of  instream 
habitat  that  could  be  enhanced  with  a  restoration  project.     Data  to  quantify 
expected  increases  to  fish  habitat  and  standing  crops  would  be  developed  with 
fish  population  standing  crop  surveys  and/or  use  of  applicable  data  and 
information  from  similar  streams.     Appropriate  techniques  to  reclaim  the  mines 
will  have  to  be  identified. 
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Identified  by:     IDFG  -  Salmon 

3.3.12   (q):      Lemhi  River 

Stream  Location:     This  62-mile  long  river  empties  into  the  Salmon  River  at  RM 
251. 

Problem:     Heavy  grazing  in  various  areas  within  the  24-mile  reach  from 
Leadore,   Idaho  (RM  62)  to  Lemhi  has  reduced  the  spawning  and  rearing 
habitat  of  anadromous  fish. 

Species:     Spring  chinook  salmon,   steelhead 

Proposed  Enhancement:      A  stream  rehabilitation  project  is  needed  to  restore 
biological  productivity  to  an  unknown  number  of  miles  of  stream  and  increase 
the  anadromous  fish  production  potentials.     Fencing  may  be  recommended  and 
riparian  plant  species  might  be  planted  to  stabilize  the  bank  and  provide 
cover. 

Data  Needs:     Detailed  surveys  are  needed  to  measure  acres  of  instream 
habitat  that  couW  be  enhanced  with  a  riparian  restoration  project.     Data  to 
quantify  expected  increased  to  fish  habitat  and  standing  crops  would  be 
developed  with  fish  population  standing  crop  surveys  and/or  use  of  applicable 
data  and  information  from  similar  streams. 

Identified  by:     IDFG  -  Salmon 

Note:     The  area  in  question  is  privately  owned. 

3.3.12   (r):     East  Fork  Salmon  River 

Stream  Location:     This  32-mile  long  stream  enters  the  Salmon  River  at  RM 
336. 

Problem:     Heavy  livestock  use  has  degraded  the  streambank,   channel,  and 
riparian  vegetation  conditions  for  8  to  10  miles  of  river  from  Herd  Creek  (RM 
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10,5)     to  Sheep  Creek  (RM  21).     As  a  result,   spawning  and  rearing  areas  for 
anadromous  fish  have  diminished. 

Species:     Chinook  salmon,   steelhead 

Porposed  Enhancement:     A  stream  rehabilitation  project  is  needed  to  restore 
biological  productivity  to  10  miles  of  stream  habitat  and  increase  it's 
anadromous  fish  pix)duction  potentials.   Fencing  may  be  recommended  and 
riparian  plant  species  might  be  planted  to  stabilize  the  bank  and  provide 
cover. 

Data  Needs:     Detailed  surveys  are  needed  to  measure  acres  of  instream 
habitat  that  could  be  enhanced  with  a  riparian  restoration  project.     Data  to 
quantify  expected  increases  to  fish  habitat  and  standing  crops  would  be 
developed  with  fish  population  standing  crop  surveys  and/or  use  of  applicable 
data  and  information  from  similar  streams. 

Identified  by:     IDFG  -  Salmon 

3.3.12  (s):     Yankee  Fork  Salmon  River 

Stream  Location:     This  river  is  25  miles  in  length  and  enters  the  Salmon 
River  at  RM  360. 

Problem:     About  5  linear  miles  of  stream  habitat  (from  Jordan  Creek  (RM  12) 
downstream)  have  been  destroyed  by  dredge  mining  activities.     Sedimentation 
caused  by  unstable  banks  and  pollution  from  tailings  are  chronic  problems 
that  have  reduced  the  stream's  productivity. 

Species:     Spring  Chinook  salmon,   steelhead 

Proposed  Enhancement:  A  stream  rehabilitation  project  is  needed  to  restore 
biological  productivity  to  the  5  miles  of  stream  and  increase  it's  anadromous 
fish  production  potentials.  Fencing  may  be  recommended  and  riparian  plant 
species  would  be  planted  to  stabilize  the  streambank  and  provide  cover. 
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Data  Needs:     Detailed  surveys  are  needed  to  measure  acres  of  instream 
habitat  that  could  be  enhanced  with  the  restoration  project.     Data  to  quantify 
expected  increases  to  fish  habitat  and  standing  crops  would  be  developed  with 
fish  population  standing  crop  surveys  and/or  use  of  applicable  data  and 
information  from  similar  stream. 

Identified  by:     IDFG  -  Salmon 

3.3.12   (t):     Jordan  Creek 

Stream  Location:     This  6-mile  long  stream  enters  the  Yankee  Fork  at  RM  12. 

Problem :     Gold  dredging  in  the  1940's  degraded  or  destroyed  about  3  miles  (4 
acres)  of  stream  channel  and  riparian  habitat  near  the  mouth  of  the  creek. 
The  creek  was  forced  to  re-route  itself  through  mine  tailing  piles  and  is  no 
longer  in  it's  natural  channel.     Part  of  the  area  is  under  a  mining  patent. 
There  are  numerous  mining  claims  for  the  area. 

Species:     Chinook  salmon,   steelhead 

Proposed  Enhancement:     Rework  the  stream  channel  to  a  more  natural  shape 
and  plant  adapted  riparian  plant  species.     Anadromous  fish  would  have  to  be 
re-estabished  in  the  area.     Costs  would  be  high. 

Data  Needs:     Surveys  would  be  made  to  obtain  detailed  estimates  of  the 
amount  of  new  spawning  and  rearing  areas  that  would  be  developed. 
Estimates  of  potential  spawning  adult  use  and  juvenile  production  that  could 
be  realized  from  rehabilitating  this  area  would  be  derived  from  current 
literature  and  data. 

Identified  by:     USPS  -  Challis  N.F. 

Note:     Mining  patents  and  numerous  mining  claims  would  complicate 
enhancement  activities. 

3.3.12   (u):      Valley  Creek 
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stream  Location:     This  21-mile  long  stream  enters  the  Salmon  River  at  RM 
372. 

Problem:      Heavy  livestock  use  in  the  lower  3  miles  and  between  RM  6  and  11 
has  degraded  streambanks  and  reduced  riparian  vegetation  quantity  and 
quality.     This  has  resulted  in  a  reduction  of  spawning  and  rearing 
capabilities  of  the  stream. 

Species:     Spring  chinook  salmon,   steelhead 

Proposed  Enhancement:     A  stream  rehabilitation  project  is  needed  to  restore 
biological  productivity  to  8  miles  of  stream  and  increase  it's  anadromous  fish 
production  potentials.     Fencing  may  be  recommended  and  riparian  plant 
species  might  be  planted  to  stabilize  the  bank  and  provide  cover. 

Data  Needs:     Detailed  surveys  are  needed  to  measure  acres  of  instream 
habitat  that  could  be  enhanced  with  a  riparian  restoration  project.     Data  to 
quantify  expected  increases  to  fish  habitat  and  standing  crops  would  be 
developed  with  fish  population  standing  crop  surveys  and/or  use  of  applicable 
data  and  information  from  similar  streams. 

Identified  by:     IDFG  -  Salmon 

3.3.12   (v):     Alturas  Lake  Creek 

Stream  Location:     This  stream  is  6  miles  in  length  below  Alturas  Lake  and 
enters  the  Salmon  River  at  RM  390. 

Problem:      In  addition  to  the  flow  augmentation  needs  (see  Task  3.3.12.f), 
heavy  livestock  use  has  caused  degradation  of  the  stream  habitat  below  the 
lake. 

Species:     Chinook  salmon,   steelhead 

Proposed  Enhancement:     A  stream  rehabilitation  project  is  needed  to  restore 
biological  productivity  to  the  6  miles  of  stream  and  increase  it's  anadromous 
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fish  production  potentials.     Fencing  may  be  recommended  and  riparian  plant 
species  might  be  planted  to  stabilize  the  bank  and  provide  cover. 

Data  Needs:     Detailed  surveys  are  needed  to  measure  acres  of  instream 
habitat  that  could  be  enhanced  with  a  riparian  restoration  project.     Data  to 
quantify  expected  increases  to  fish  habitat  and  standing  crops  would  be 
developed  with  fish  population  standing  crop  surveys  and/or  use  of  applicable 
data  and  information  from  similar  stream. 

Identified  by:     IDFG  -  Salmon 

3.3.12  (w):     Upper  Salmon  River 

Stream  Location:     The  upper  Salmon  River  is  considered  to  be  that  portion 
above  RM  390  or  the  mouth  of  Alturas  Lake  Creek. 

Problem:     Heavy  livestock  use  and  irrigation  diversions  in  areas  along  the 
Salmon  River  from  the  mouth  of  Alturas  Lake  Creek  upstream  3  miles  has 
reduced  the  quantity  and  quality  of  anadromous  fish  habitat. 

Species:     Chinook  salmon,   steelhead 

Proposed  Enhancement:  A  stream  rehabilitation  project  is  needed  to  restore 
biological  productivity  to  the  3  miles  of  stream  and  increase  it's  anadromous 
fish  production  potentials.  Fencing  may  be  recommended  and  riparian  plant 
species  might  be  planted  to  stabilize  the  bank  and  provide  cover. 

Data  Needs:     Detailed  surveys  are  needed  to  measure  acres  of  instream 
habitat  that  could  be  enhanced  with  a  riparian  restoration  project.     Data  to 
quantify  expected  increases  to  fish  habitat  and  standing  crops  would  be 
developed  with  fish  population  standing  crop  surveys  and/or  use  of  applicable 
data  and  information  from  similar  streams. 

Identified  by:     IDFG  -  Salmon 
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Recommendation:     That  the  Power  Planning  Council  include  in  its  Fish  and 
Wildlife  Program  the  investigation  and  implementation,  where  appropriate,  of 
the  preceeding  habitat  projects  in  Idaho  utilizing  power  revenues. 
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T^ask  3.3.13:      Additional  fishery  habitat  improvements 
-  Treaty  tribes 

Throughout  the  basin  numerous  other  habitat  problems  have  been  noted 
by  fishery  agencies  and  Indian  tribes.     Due  to  time  constraints  placed  upon 
the  agencies  and  tribes  to  provide  necessary  recommendations  by  November 
15,   1981,   the  following  habitat  improvements  are  recommended  without 
substantial  background  discussions.     It  is  recognized  that  additional  comment 
will  be  forthcoming. 

Task  3.3.14(a) 

Recommendation ;     That  the  Power  Planning  Council  include  in  its  Fish  and 
Wildlife  Program  construction  of  fish  screening  facility  at  Stevens  Ditch  on  the 
Naches  River. 

Task  3.3.13(b) 

Recommendation :     That  the  Power  Planning  Council  include  in  its  Fish  and 
Wildlife  Program  construction  of  fish  passage  at  Stourmeir  Dam  on  the  Touchet 
River. 

Task  3.3.13(c) 

Recommendation :  That  the  Power  Planning  Council  include  in  its  Fish  and 
Wildlife  Program  construction  of  fish  passage  at  the  Taneum  Diversion  Dam 
located  on  Taneum  Creek,   a  tributary  to  the  Yakima  River. 

Task  3.3.13(d) 

Recommendation :      That  the  Power  Planning  Council  include  in  its  Fish  and 
Wildlife  Program  evaluation  of  the  adult  fish  passage  facilities  at  Castille  and 
Falls  Five  on  the  Klickitat  River  and  provide  funding  for  any  needed 
modifications. 


;?8 


Task  3.3.13(e) 

Recommendation :     That  the  Power  Planning  Council  include  in  its  Fish  and 
Wildlife  Prof^ram  construction  of  the  Dayton  Reservoir  in  the  Touchet  River 
for  instream  flows  in  the  Touchet  and  Lower  Walla  Walla  River. 

Task  3.3.13(f) 

Recommendation:     That  the  Power  Planning  Council  include  in  its  Fish  and 
Wildlife  Program  construction  of  fish  passage  at  Three  Mile  Dam  and  improved 
screening  at  irrigation  diversions  on  the  Umatilla  River. 

Task  3.3.13(g) 

Recommendation :  That  the  Power  Planning  Council  include  in  its  Fish  and 
Wildlife  Program  investigation  and  necessary  acquisition  of  unallotted  water 
storage  for  instream  flows  throughout  the  basin. 
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riiihobjectlve  3.4:  Provide  or  restore  passage  to  habitat  unavailable 

to  natural  production  of  anadromous  fish  stocks 
affected  by  power  development 

Dams  constructed  prior  to  (or  even  after)  the  adoption  of  laws  requiring 
the  installation  of  fish  passage  facilities  as  part  of  the  structure  have,  for 
many  years,  prevented  the  continued  utilization  of  suitable  anadromous 
fish-producing  habitat  by  populations  of  those  species.  During  the  infancy  of 
fish  passage  engineering,  unsuccessful  attenpts  to  provide  passage  were  made 
at  various  structures  within  the  Colxirbia  Basin. 

Using  current  technology,  fish  passage  can  now  be  provided  and  presently 
unavailable  habitat  can  be  made  useable. 

Additionally,  dams  constructed  for  purposes  other  than  power  generation 
(irrigation  diversion,  flood  control,  etc.)  as  well  as  stream  blockages  caused 
by  natural  agents  (log  jams,  falls,  etc.)  continue  to  prohibit  or  reduce  the 
utilization  of  available  habitat.  Providing  passage  arotmd  these  structures 
would  allow  for  an  increase  in  total  production  of  anadromous  fish. 

Survival  and  passage  success  of  juvenile  anadromous  salmonids  at  high 
head  dams  are  affected  by  physical  and  chemical  characteristics  of  the 
reservoirs,  presence  of  predator  and  conpetitor  fish,  design  of  downstream 
migrant  collection  facilities,  and  the  habits  of  juvenile  salmon  and 
steelhead.  Kom,  et  al .  (1967)  found  that  juvenile  salmon  survived  at  a 
relatively  hi^  rate  in  a  reservoir  having  few  rough  fish  and  predators  and  at 
low  rates  in  reservoirs  having  these  other  fish.  These  general  conclusions 
regarding  survival  of  young  salmon  in  reservoirs  were  confirmed  by  Ingram  and 
Kom  (1969),  Smith  and  Kom  (1970,  and  Wagner  and  Ingram  (1973).  These  same 
studies  and  one  by  Kom  and  Smith  (1971)  showed  that  juvenile  salmon  grew  well 
in  all  reservoirs  and  indicated  that  a  large  nurber  of  smolts  could  be 
produced  in  any  reservoir  wtiere  unwanted  fish  could  be  controlled  and  safe 
downstream  migration  of  salmon  smolts  effected. 
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The  above  studies  also  showed  that  juvenile  salmon  and  steelhead  migrated 
near  the  reservoir  surface  in  attenpting  to  move  downstream.  This  means  that 
facilities  built  to  collect  smolts  must  provide  a  strong  attraction  flow 
relatively  near  the  reservoir  surface  regardless  of  pool  elevation.  It  was 
also  shown  that  spring  Chinook  juveniles  migrate  in  nuibers  from  fall  through 
spring  and  therefore  have  the  most  flexible  migration  timing  of  the  various 
anadromous  species.  Coho  migrate  mainly  in  May  and  June  and  to  a  lesser 
extent  during  winter  freshets.  Steelhead  and  sockeye  salmon  migrate  during  a 
narrow  time  period  in  ^ril  and  May  and  their  success  depends  upon  having 
proper  conditions  for  migration  during  this  critical  time  period. 

Fish  passage  was  not  provided  at  several  of  the  high  head  dams  built  on 
Pacific  Northwest  streams  in  the  early  1950' s  due  to  lack  of  knowledge 
regarding  facilities  needed  to  collect  dcwvnstream  migrants.  Detroit  Dam  on 
the  North  Santiam  River  and  Lookout  Point  Dam  on  the  Middle  Willamette  in 
Oregon  eliminated  inportant  salmon  and  steelhead  production  areas  due  to  the 
lack  of  fish  passage  facilities. 

One  of  the  earliest  successful  downstream  migrant  collection  facilities 
provided  at  a  high  head  dan  was  built  by  Portland  General  Electric  Corpany  at 
North  Fork  Dam  on  the  Clackamas  River  in  1957  (Gunsolus  and  Eicher  1970). 
This  facility  operates  through  a  reservoir  fluctxiation  of  19  feet  and 
successfully  collects  spring  Chinook,  coho,  and  steelhead  smolts.  Hcwever» 
passage  problems  persist  at  two  older  dams  located  downstream  of  North  Fork 
(Oregon  Department  of  Fish  and  Wildlife  unpublished  data). 

The  Washington  Department  of  Fisheries  developed  a  floating  collector  for 
juvenile  migrants  that  succeeded  in  collecting  smolts  from  reservoirs  on  the 
Baker  River  (Wayne  1960  and  Quistorff,  Mains,  and  Stockley  1968).  A  floating 
collector  was  also  used  with  success  at  Merwin  Reservoir  in  Washington,  but 
heavy  predation  by  squawfish  resulted  in  failure  of  coho  salmon  production  in 
that  waterbody  (Hamilton,  Rothfus,  Erho,  and  Remington  1970).  At  Round  Butte 
Dam  on  the  Deschutes  River,  the  corrbined  use  of  a  floating  collector  and  a 
collection  facility  built  into  the  dam  failed  to  collect  migrants  for  passage 
downstream.  The  facilities  failed  because  water  currents  in  that  inpoundnent 
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confused  migrants  so  they  would  not  congregate  in  one  location  for  collection 
(Kom,  et  al . ,  1967).  Passage  of  salmon  and  steelhead  was  more  successful  at 
Pelton  Dam  (Gunsolus  and  Eicher  1962)  built  prior  to  and  downstream  of  Round 
Butte.  The  collection  facility  at  Pelton  fished  through  a  7-foot  reservoir 
fluctuation.  The  failure  of  passage  at  Round  Butte,  however,  eliminated 
salmon  and  steelhead  production  from  upstream  locations  in  the  Deschutes  and 
Metolius  rivers. 

At  Cougar  Dam  on  the  South  Fork  McKenzie  River,  the  U.S.  Amy  Corps  of 
Engineers  (USAGE)  ccntoined  a  downstream  migrant  collector  with  a  water  outlet 
control  structure.  This  facility  appeared  to  successfully  collect  juvenile 
spring  Chinook;  however,  most  of  the  smolts  collected  were  killed  in  passing 
through  the  facility  (Ingram  and  Kom  1969).  It  was  not  determined  how  to 
safely  pass  smolts  through  the  water  outlet  structure. 

The  USACE  installed  a  unique  downstream  migrant  collector  at  Green  Peter 
Dam  on  the  Middle  Santiam  River.  This  facility  is  built  into  the  face  of  the 
dam,  moves  vertically  on  rails,  and  can  collect  smolts  near  the  water  surface 
regardless  of  the  reservoir  level.  This  collector  successfully  passed 
juvenile  chinook  and  sockeye  and  to  a  lesser  degree,  steelhead  (Wagner  and 
Ingram  1973).  Oregon  Department  of  Fish  and  Wildlife  biologists  believe  this 
type  of  facility  could  be  used  to  rehabilitate  anadromous  fish  runs  at  several 
projects  not  now  having  passage. 

Fall  Creek  Dam,  located  on  a  tributary  of  the  Willamette  River  is  a 
non-pcwer  project  built  principally  for  flood  control.  Collection  facilities 
built  for  juvenile  salmon  and  steelhead  failed  (Smith  and  Kom  1970)  due  to 
construction  of  non-movable  collectors  at  only  three  levels  of  the  reservoir. 
During  most  of  the  migration  season,  the  operating  collector  was  unavoidably 
submerged  at  least  35  feet.  Salmon  and  steelhead  smolts  generally  would  not 
sound  to  pass  through  these  collectors.  However,  smolt  passage  has  been 
provided  by  the  USAGE  at  this  project  through  complete  evacuation  of  the 
reservoir  each  fall.  This  has  resulted  in  maintenance  of  the  winter  steelhead 
run  at  this  project  and  greatly  enhanced  returns  of  adult  spring  chinook. 
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Conplete  reservoir  evacuation  as  a  means  of  providing  smolt  migration  has 
potential  for  rehabilitating  salmon  populations  at  other  non-power  projects. 
Work  conducted  at  Cottage  Grove  Reservoir  on  the  Coast  Fork  Willamette  River 
shewed  that  spring  chinook  juveniles  reared  and  survived  well  in  the  reservoir 
and  emigrated  successfully  during  conplete  evacuation  (Lucas  and  Kom  1968  and 
Kom  and  Smith  1971),  Initial  adult  returns  caused  Oregon  Department  of  Fish 
and  Wildlife  researchers  to  question  its  success  and  this  operation  was 
terminated  prematurely.  Conplete  adult  returns  indicated  good  success,  and  we 
now  believe  a  longer  range  test  of  spring  chinook  production  at  Cottage  Grove 
is  needed.  Periodic  chemical  treatment  of  the  reservoir  would  be  needed  to 
control  rough  fish  and  wannvater  species,  but  this  could  be  inexpensively 
acconplished  in  the  fall  after  conplete  evacuation.  Blue  River  Reservoir 
located  on  a  stream  of  the  same  name,  tributary  to  the  MdCenzie  River,  also 
has  good  potential  for  rearing  juvenile  spring  chinook  with  migration  effected 
through  conplete  evacuation. 

Several  reservoirs  in  the  Willamette  Basin  appear  to  have  good  potential 
for  producing  sockeye  salmon.  Lucas  and  Kom  (1968)  found  juvenile  sockeye 
reared  well  in  Green  Peter  Reservoir,  and  that  several  inpoimcknents  in  the 
Willamette  system  had  environmental  characteristics  favorable  for  sockeye 
production.  They  also  found  that  sockeye  preferred  to  feed  on  copepods,  while 
juvenile  chinook,  coho,  and  trout  generally  preferred  other  organisms. 
Sockeye  also  inhabitat  deeper  water  than  the  other  species.  It  is  believed 
that  sockeye  can  therefore  be  produced  in  reservoirs  without  seriously 
detracting  from  chinook  and  trout  production. 

TWo  broods  of  sockeye  pre-smolts  were  released  into  Green  Peter 
Reservoir,  relatively  small  nurbers  were  involved.  Colurbia  River  stock  of 
the  1960  brood  and  Adams  River  (British  Colurbia)  stock  of  the  1967  brood  were 
planted.  Totals  of  352  (0.25  percent  of  release)  Colurbia  River  fish  and  934 
(0.38  percent  of  release)  Adams  River  sockeye  returned  to  the  project  as 
adults  (Kom,  1972).  Despite  no  further  release  of  sockeye  into  the 
Willamette  system,  this  species  has  perpetuated  itself  and  gradually  increased 
through  the  years.  Ctounts  of  sockeye  past  Willamette  Falls  totalled  about 
3,000  adults  in  1980  and  1,500  in  1981.  The  only  known  area  of  retum  has 
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been  the  Green  Peter-Foster  project  on  the  South  Santiam  River.  Also,  in 
recent  years  most  of  the,  returning  adults  have  been  Colurbia  River  stock. 

By  using  several  reservoirs  in  the  Willamette  system  to  produce  sockeye 
and  releasing  much  greater  nurbers  of  pre-smolts  in  each  than  were  initially 
used  at  Green  Peter,  for  several  consecutive  years,  we  believe  harvestable 
populations  could  be  developed.  The  Colunnbia  River  stock  appears  best  suited 
for  this  purpose. 

-r 
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There  are  nimerous  inpassible  falls  and  logjams  on  tributaries  to  the 
Colutbia  River.  A  ntr±)er  of  the  stream  areas  above  such  obstacles  have 
potential  for  producing  juvenile  salmon  and  steelhead.  In  some  cases, 
resident  trout  will  take  priority  and  prevent  the  use  of  anadromous  fish.  In 
other  cases,  anadromous  fish  may  be  added  to  the  resident  population.  In  many 
instances,  passage  can  be  provided  sinply  by  construction  of  a  fishway  which 
would  allow  adults  to  ascend  the  obstacle  or  by  removal  of  a  logjam.  Juvenile 
fish  would  spill  over  the  falls. 
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Task  3.4.1:        Establish  a  process  which  identifies  and 

justifies  specific  passage  improvement  projects. 

The  upstream  and  downstream  passage  problems  created  by  the  Columbia 
and  Snake  River  dams  are  primary  factors  affecting  Columbia  Basin 
anadromous  fish  runs. 

Additionally,  total  barriers  exist  that  are  both  manmade  and  natural  that 
continue  to  block  anadromous  fish  runs.     In  the  past,  problem  areas  have 
been  identified  and  became  part  of  multi-purpose  projects  such  as  fish  passge 
at  Enloe  Dam  as  part  of  the  Oroville-Tonasket  Project.     This  approach  has, 
however,  been  limited  and  the  fisheries  agencies  and  tribes  ability  and 
success  at  providing  necessary  passage  at  most  problem  areas  has  been 
minimal. 

A  thorough  inventory  of  all  river  systems  for  passage  restoration 
projects  is  required.     The  amount  of  available  habitat  for  each  species  should 
be  identified  and  potential  production  noted.     Due  to  the  depressed  condition 
of  upper  river  stocks,  the  process  should  begin  in  the  upper  Columbia  River 
system  and  proceed  downstream.     A  team  composed  of  fishery  biologists  and 
passage  experts  should  be  established  to  accomplish  the  work  in  two  years. 

Recommendation :     That  the  Power  Planning  Council  include  in  its  Fish  and 
Wildlife  Program  establishment  of  a  team  to  begin  immediate  inventory  of  all 
tributaries  to  the  Columbia  River  to  locate  and  document  potential  increases  in 
salmon  and  steelhead  habitat  through  restoration  of  passage.     The  inventory 
should  be  funded  with  power  revenues. 
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Tas^c  3.4.2(a):    Similkameen  River  ^^-p  ji  ■, 

Remove  or  ladder  Enloe  Dam,   R.M.   8.8  on  the  Similkameen  River.     There 
exist  over  100  miles  of  good  spawning  and  rearing  habitat  for  coho  and 
Chinook  salmon  and  steelhead  trout  in  the  United  States  and  Canada. 

Two  alternatives  exist  for  passage.     Removal  at  a  cost  of  $525,000  with 
an  annual  benefit  of  $937,400  (after  initial  stocking),  or  laddering  at  a  cost 
of  $1.3  million  with  an  annual  benefit  of  $845,000  to  the  fisheries  (expressed 
in  1977  dollars  National  Marine  Fisheries  Service) .     These  costs  and  benefits 
are  presently  being  updated. 

Recommendation :     That  the  Power  Planning  Council  include  in  its  Fish  and 
Wildlife  Program  the  removal  or  laddering  of  Enloe  Dam  on  the  Similkameen 
River  utilizing  existing  Bureau  of  Reclamation  appropriations  and/or  power 
revenues  if  the  present  review  continues  to  support  the  feasibility  of  this 
project . 
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Task  3.4.Z(b);    Big  White  Salmon  River 

Condit  Dam,  located  at  R.M.   3.3  on  the  Big  White  Salmon  River,  totally 
blocks  passage  of  anadromous  fish. 

The  production  potential  of  the  Big  White  Salmon  River  above  Condit  Dam 
is  estimated  at  3,200  summer  steelhead,  2,700  fall  chinook,  and  200  coho 
salmon  (White  Salmon  Division,   Bureau  of  Reclamation,   Columbia  Northside 
Project).     Passage  should  be  provided  past  the  dam,  either  by  laddering  or 
removed  to  provide  fisheries  benefits. 

Recommendations:     That  the  Power  Planning  Council  provide  programmatic 
support  for  the  ongoing  studies  to  determine  improved  anadromous  fish 
production  above  and  below  Condit  Dam  and  include  in  its  Fish  and  Wildlife 
Program  fish  passage  and  improved  instream  flows  should  these  and  past 
studies  indicate  feasibility. 
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Task  3.4.2(c):    Cle  Elum  River 

Cle  Elum  Dam  was  constructed  in  the  early  1930's  by  the  Bureau  of 
Reclamation,  creating  a  reservoir  with  a  storage  capacity  of  436,900  acre-feet. 
The  dam  has  a  hydraulic  height  of  124  feet.     The  dam  currently  has  no  fish 
passage  facilities . 

Construction  of  Cle  Elum  Dam  eliminated  sockeye  salmon  from  the  Cle 
Elum  River  by  denying  access  to  their  spawning  and  rearing  habitat.     In 
addition,   many  miles  of  spring  chinook  and  steelhead  spawning  and  rearing 
habitat  were  also  lost. 

To  re-establish  utilization  of  the  potential  natural  production  habitat  in 
the  Cle  Elum  River  system  above  Cle  Elum  Dam,  juvenile  and  adult  fish 
passage  facilities  are  required  at  the  dam.     A  study  should  be  initiated  to 
determine  the  feasibility  of  re-establishing  sockeye  and  other  anadromous  fish 
runs  above  the  dam. 

Recommendation:     That  the  Power  Planning  Council  include  in  its  Fish  and 
Wildlife  Program  an  investigation  of  the  feasibility  of  restoring  anadromous 
fish  runs  above  Cle  Elum  Dam  and  provide  passage  if  studies  should  indicate 
feasibility,  utilizing  power  revenues. 
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Task  3.4.2(d):     Box  Canyon  and  Entlat  Falls  Fish  Ladders 
-  Entlat  River 

Objective:     To  develop  anadromous  fish  passage  around  existing  barriers.     To 
provide  access  to  additional  spawning  areas. 

Project  Description:     Two  development  sites  for  fish  passage  occur  beyond 
Fox  Creek,  27.7  miles  up  the  Entlat  River. 

Present  Situation:     Interstitial  spaces  of  gravels  in  the  lower  reaches  of 
Entiat  River  and  denuding  of  streamside  vegetation  by  recent  conflagrations 
provide  poor  spawning  and  rearing  conditions.     The  Entiat  River  above  Fox 
Creek  has  pristine  conditions  available  for  anadromous  fish. 

Project  Proposal:     Prepare  plans  for  two  fish  passage  facilities.     Construct 
facilities  with  power  revenue  funding. 

Project  Benefits:     Approximately  10  miles  of  additional  spawning  areas  will  be 
made  available  to  steelhead  trout  and  spring  chinook  salmon  runs.     These 
developments  will  provide  at  least  400  recreation  visitor  days  initially  to  the 
sport  fishery  of  Washington  and  6,000  pounds  of  chinook  salmon  to  the 
commercial  and  Indian  fisheries.     A  more  detailed  economic  analysis  will  be 
made  during  project  planning. 

Recommendation :     That  the  Power  Planning  Council  include  in  its  Fish  and 
Wildlife  Program  a  study  to  determine  the  feasibility  of  increasing  salmon  and 
steelhead  habitat  in  the  Entiat  River  by  providing  fish  passage  at  two 
barriers  and  construction  of  the  ladders  by  the  U.S.   Forest  Service  utilizing 
power  revenues  depending  on  the  results  of  the  studies. 
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Task  3.4.2   (e):      Cougar  Dam  -  South  Fork  McKenzie  River 

Fish  passage  failed  at  Cougar  Dam  due  to  high  mortality  of  salmon  smolts 
caused  by  combining  the  downstream  migrant  collector  with  the  water  outlet 
structure.     However,  the  reservoir  is  free  of  undesirable  fish,  and  along  with 
the  river  above,  is  capable  of  rearing  a  large  number  of  salmon  smolts. 
Natural  producton  of  trout  is  relatively  poor  in  Cougar  Reservoir  and  the 
South  Fork  McKenzie.     The  area  is  better  suited  to  production  of  salmon 
smolts.     ODFW  biologists  believe  safe  and  efficient  smolt  passage  could  be 
provided  at  Cougar  by  constructing  a  Green  Peter  type  collector.     Spring 
Chinook  and  sockeye  smolts  could  be  produced  in  the  reservoir  and  chinook 
smolts  in  the  river  upstream.     Other  than  Detroit,   which  is  presently 
reserved  for  management  of  resident  trout,  the  are  above  Cougar  Dam  has  the 
highest  potential  for  successful  rehabilitation  of  salmon.     This  potential  can 
be  achieved  by  installation  of  an  adequate  downstream-migrant  collector. 

(a)  Construction 

Install  Green  Peter  type  collector  to  provide  downstream  migrant 
passage.     Include  pipeline  to  deposit  juvenile  fish  in  tailrace  of  dam  and  trap 
for  evaluation.     Construct  new  adult  collection  facilities  in  Cougar  Dam 
(collection  water  for  adults  must  be  warmer  than  that  discharged  through 
turbines).     Purchase  truck  for  adult  hauling. 

Cost  of  collector  and  pipeline:     $5.0  -  $7.0  million 
Cost  of  tank  truck:     $100,000 

(b)  Operations 

Funds  needed  to  operate  juvenile  and  adult  collection  facilities,   for  a 
truck  to  haul  adults  to  spawning  areas,   and  for  an  8-year  evaluation  study  to 
determine  success. 

Cost  to  operate  collection  facilities:     $9,000 

Cost  of  evaluation:     $85,000 

Cost  to  operate  tank  truck:     $4,000  i 
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(c)     Estimated  benefits  (annual) 

Spring  Chinook  -  4,500  adults  return  to  project  plus 
13,500  adults  contribute  to  tishery. 
Estimated  value:     $2,100,000 

Sockeye  -  5,000  adults  return  to  project 

Value  estimate  pending. 


Recommendation:     That  the  Power  Planning  Council  include  in  its  Fish  and 
Wildlife  Program  the  construction  of  juvenile  passage  and  adult  collection 
facilities  at  Cougar  Dam  by  the  Corps  of  Engineers. 
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"ask  3.4.2(f):  Blue  River  Dam  -  Willamette  River  System 


Blue  River  Dam  is  a  flood  control  project  that  does  not  produce 
power.  It  was  not  provided  with  fish  passage  facilities.  Blue  River 
contained  a  small  run  of  spring  Chinook  prior  to  construction  of  the  dam 
and  these  were  compensated  by  a  hatchery.  Blue  River  Reservoir  does  not 
harbor  large  populations  of  rough  fish.  While  it  is  suitable  for 
salmonid  production,  it  is  rrwre  suited  for  rearing  salmon  smolts  than  it 
is  large  trout.  Conplete  evacuation  of  the  resei^or  each  fall  would 
provide  a  successful  and  inexpensive  means  of  allowing  emigration  of 
salmon  smolts. 

A.  Construction 

Build  adult  collection  facility  and  purchase  truck  for  hauling. 
Cost  of  adult  collection  facility: 
Cost  of  tank  truck:  $100,000 

B.  Operation 

Evacuate  reservoir  each  fall  to  effect  migration  of  juveniles. 
Operate  truck  to  haul  adults.  Fund  8-year  evaluation  study. 
Cost  of  complete  drawdown  (addtional  to  normal  drawdown):  None 
Cost  to  operate  truck:  $2,500 

C.  Estimated  Benefits  (annual) 

Spring  Chinook  -    2,500  adults  return  to  project  plus 

7,500  adults  contribute  to  fishery. 
Estimated  value:  $1,167,000 

Recommendation:  That  the  Power  Planning  (Council  include  in  its  Fish  and 
Wildlife  Program  the  construction  of  adult  collection  facilities  and 


operation  of  Blue  River  Dam  to  allow  reservoir  rearing  of  spring  Chinook 
salmon. 
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Task  3.4.2(g):     Collowash  Falls  -  Collowash  River,  Willamette 
River  System 

Collowash  Falls  is  a  nearly  impassible  barrier  located  at  R.M.   7.5  on  the 
Collowash  River.     Collins  (1973)  determined  that  there  is  8.4  miles  of 
excellent  spawning  and  rearing  area  that  could  be  made  available  to 
anadromous  fish  by  constructing  a  fishway  at  the  falls.     Collins  also  estimated 
the  numbers  of  salmon  and  steelhead  that  could  utilize  the  spawning  area.     He 
stated  that  the  spawners  would  produce  more  young  fish  than  could  rear  in 
the  Collowash,  but  they  would  aid  in  seeding  the  extensive  rearing  area  in 
the  Clackamas  River  downstream.     The  economic  data  in  Collins'  report  are 
updated  below. 

A.  Construction 

Construct  fishway  over  Collowash  Falls  to  allow  anadromous  fish  access 
to  8.4  miles  of  fish  production  area  in  the  upper  Collowash  River. 

Cost  of  fishway: 

B.  Operation 

Annual  fishway  maintenance. 
Cost  of  maintenance: 

C.  Estimated  Benefits  (annual) 

Spring  Chinook  -  3,000  adult  return 

Coho  salmon        -  1,000  adult  return 

Steelhead  -  2,000  adult  return 

Estimated  annual  value:     $1,285,000   (value  reduced  by  40  percent  due 

to  potential  losses  at  PGE  dams  downstream) 
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Recommendation :     That  the  Power  Planning  Council  include  in  its  Fish  and 
Wildlife  Program  the  laddering  of  Collowash  Falls. 
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Task  3.4.2(h):     Falls  -  Little  Fall  Creek  -  Willamette  River  System 

A.  Construction 

Construct  formal  fishway  180  feet  long  over  two  falls,   having  a  24-foot 
rise  on  Little  Fall  Creek  to  provide  anadromous  fish  access  to  6  miles  of 
fish  production  area. 

Cost  of  fishway:     $106,300 

B.  Operation 

Annual  fishway  maintenance. 
Cost  of  maintenance: 

C.  Estimated  Benefits 

Steelhead  -  400  spawners 

Spring  Chinook  -  100  spawners 

Estimated  annual  value:     $96,000 

Recommendation:     That  the  Power  Planning  Council  include  in  its  Fish  and 
Wildlife  Program  the  construction  of  a  fishway  on  Little  Fall  Creek  utilizing 
power  revenues. 
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Task  3.4.2(1):     Falls  -  South  Fork  Klaskanine  River 

A.  Construction 

Construct  fishway  over  20-foot  high  falls  on  South  Fork  Klaskanine  River 
to  allow  anadromous  fish  access  to  10-12  miles  of  fish  production  area. 

Cost  of  fishway:     $14,000   (blasting  pools  -  not  a  formal  fishway). 

B.  Operation 

Annual  fishway  maintenance. 
Cost  of  maintenance: 

C.  Estimated  Benefits 

Coho  salmon  -         250  spawners 

Steelhead  -         200  spawners 

Searun  cutthroat        -         200  spawners 

Estimated  annual  value  of  coho  and  steelhead:     $75,000 

No  value  available  for  cutthroat 

Recommendation :     That  the  Power  Planning  Council  include  in  its  Fish  and 
Wildlife  Program  the  development  of  a  fishway  over  falls  on  the  Lewis  and 
Clark  River,   utilizing  power  revenues. 


Task  3.4.3:     Fish  Passage  Barrier  Removal  -  Idaho 

Several  Idaho  streams  have  barriers  to  salmon  and  steelhead  passage 
which  if  removed  would  provide  significant  amounts  of  additional  spawning  and 
rearing  habitat.     The  resulting  increased  production  would  help  attain 
Columbia  Basin  fish  production  goals  by  providing  a  means  of  compensation 
for  unavoidable  passage  losses. 

Task  3.4.3(a):     Meadow  Creek 

Stream  Location:     Meadow  Creek  is  15  miles  long  and  enters  the  south  Fork 
Clearwater  River  at  R.M.   33. 

Problem :     A  natural  rock  falls  located  about  300  yards  up  from  the  mouth  is  a 
partial  barrier  to  upstream  fish  migration.     This  causes  a  significant 
reduction  in  the  anadromous  fish  production  potential.     Idaho  Department  of 
Fish  and  Game  considers  this  area  to  be  important  steelhead  habitat. 

Species:     Steelhead  trout. 

Proposed  Enhancement:     Stair-step  blasting  of  the  falls  area  would  enhance 
upstream  anadromous  fish  passage. 

Identified  by:     Idaho  Department  of  Fish  and  Game,  U.S.  Forest  Service  - 
Nez  Perce  National  Forest. 

Task  3.4.3(b):     Crooked  River 

Stream  Location;     Crooked  River  is  17  miles  long  and  enters  the  South  Fork 
of  the  Clearwater  River  at  stream  mile  ISA. 

Problem :     At  milepost  8.2  on  Crooked  River  road  No.   233,  a  culvert  blocks 
upstream  fish  passage.     As  a  result,  full  utilization  of  upstream  spawning 
areas  is  not  occurring.     There  are  also  old  dredge  mining  sites,  one  near  the 
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mouth  and  one  approximately  10  miles  upstream,  that  have  destroyed  riparian 
habitat. 

Species:     Spring  chinook  salmon. 

Proposed  Enhancement:     Replacement  of  the  existing  culvert  with  a  bottomless 
arch  type  culvert  would  provide  access  to  18  acres  of  spawning  and  rearing 
habitat.     The  estimated  cost  to  replace  the  culvert  is  $24,000.     Leveling  the 
dredge  tailings  and  selectively  planting  appropriate  shrubs  in  the  mined  areas 
would  help  restore  riparian  zones  in  these  areas. 

Data  Needs:     Surveys  are  needed  to  obtain  detailed  estimates  of  the  amount  of 
new  spawning  and  rearing  areas  that  would  be  developed.     Estimates  of 
potential  spawning,  adult  use,  and  juvenile  production  that  could  result  from 
opening  up  this  area  would  be  derived  from  current  literature  and  data. 

Identified  by:     U.S.   Forest  Service  -  Nez  Perce  National  Forest 

Task  3.4.3(c):     Crooked  Fork  Lochsa  River 

Stream  Location:     This  stream  converges  with  Sand  Creek  and  Walton  Creek 
to  form  the  Lochsa  River  at  R.M.   70,.  1,. 

Problem :     A  natural  rock  barrier  at  R.M.   15.3  is  a  partial  barrier  to 
upstream  fish  passage.     As  a  result,  full  utilization  of  upstream  spawning 
areas  is  not  occurring. 

Species:     This  is  a  major  production  area  for  spring  chinook  salmon  in  the 
Lochsa  River  system. 

Proposed  Enhancement:     Removal  of  the  barrier  with  explosives  would 
facilitate  upstream  fish  passage  to  6  more  miles  of  spawning  and  rearing 
habitat.     Estimated  cost  of  the  barrier  removal  is  $15,000. 

Data  Needs:     Surveys  are  needed  to  obtain  estimates  of  the  amount  of  new 
spawning  and  rearing  areas  that  would  be  opened  up.     Estimates  of  potential 
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spawning,  adult  use,   and  juvenile  production  that  could  result  would  be 
derived  from  current  literature  and  data. 

Identified  by:     U.S.   Forest  Service  -  Clearwater  National  Forest 

Task  3.4.3(d):     Colt  Creek 

Stream  Location:     This  creek  enters  White  Sand  Creek  at  approximately  R.M. 
13.5.     White  Sand  Creek  converges  with  the  Crooked  Fork  to  form  the  Lochsa 
River  at  R.M.   69.5. 

Problem :     Approximately  2i  miles  from  the  confluence  with  White  Sand  Creek  a 
debris  barrier  impedes  upstream  fish  passage. 

Species:     Steelhead. 

Proposed  Enhancement:     Removal  of  this  barrier  would  create  access  to 
approximately  6  miles  of  spawning  and  rearing  habitat.     Estimated  cost  of 
barrier  removal  is  $15,000. 

Data  Needs:     Surveys  are  needed  to  obtain  detailed  estimates  of  the  amount  of 
new  spawning  and  rearing  areas  that  would  be  opened  up.     Estimates  of 
potential  spawning,   adult  use,  and  juvenile  production  that  could  result  would 
be  derived  from  current  literature  and  data. 

Identified  by:     U.S.   Forest  Service  -  Clearwater  National  Forest. 

Task  3.4.3(e):     Eldorado  Creek 

Site  Description:     Eldorado  Creek  enters  Lolo  Creek  at  R.M.   25.5.     Lolo 
Creek  enters  the  mainstem  Clearwater  River  at  R.M.   54.1. 

Problem :     Approximately  1  mile  from  the  confluence  with  Lolo  Creek,   a  series 
of  natural  basalt  falls  create  a  barrier  to  upstream  fish  passage. 

Species:     Spring  Chinook  salmon,   steelhead. 
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Proposed  Enhancement;     Passage  through  this  area  can  be  enhanced  by 
blasting  out  barriers  and  creating  some  stair-step  pools  at  the  lowermost 
falls.     This  would  open  up  approximately  10  miles  of  spawning  and  rearing 
habitat. 

Data  Needs:     Surveys  are  needed  to  obtain  detailed  estimates  of  the  amount  of 
new  spawning  and  rearing  areas  that  would  be  opened  up.     Estimates  of 
potential  spawning,   adult  use,   and  juvenile  production  that  could  result  would 
be  derived  from  current  literature  and  data. 

Identified  by:     U.S.   Forest  Service  -  Clearwater  National  Forest 

Task  3.4.3(f):     Badger  Creek 

Stream  Location:     Badger  Creek  enters  the  upper  Lochsa  River  at  R.M.  61.9 

Problem :     A  culvert,  under  Highway  12,   at  the  mouth  of  the  creek  is  a 
complete  barrier  to  upstream  fish  passage. 

Species:     Steelhead 

Proposed  Enhancement:     Replacement  of  culvert  with  a  bottomless  arch  type 
culvert  would  facilitate  upstream  passage  to  approximately  2  miles  of  spawning 
and  rearing  habitat.     Estimated  cost  of  culvert  replacement  is  $125,000. 

Data  Needs:     Surveys  would  be  made  to  obtain  detailed  estimates  of  the 
amount  of  new  spawning  and  rearing  areas  that  would  be  opened  up. 
Estimates  of  potential  spawning,  adult  use,  and  juvenile  production  that  could 
result  would  be  derived  from  current  literature  and  data. 

Identified  by:     U.S.  Forest  Service  -  Clearwater  National  Forest. 

Task  3.4.3(g):     Wendover  Creek 

Stream  Location:     Wendover  Creek  enters  the  upper  Lochsa  River  at  R.M. 
64.2 
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Recommendation :     That  the  Power  Planning  Council  include  in  its  Fish  and 
Wildlife  Program  resolution  of  the  described  fish  barriers  in  Idaho,  utilizing 
power  revenues,  to  increase  salmon  and  steelhead  production 

Problem :     A  culvert  under  Highway  12  is  a  partial  block  to  upstream  fish 
passage. 

Species:     Steelhead 

Proposed  Enhancement:     Replacement  of  culvert  with  a  bottomless  arch  type 
would  facilitate  upstream  passage  to  an  additional  2  miles  of  spawning  and 
rearing  habitat.     Estimated  cost  of  culvert  replacement  is  $125,000. 

Data  Needs:     Surveys  would  be  made  to  obtain  detailed  estimates  of  the 
amount  of  new  spawning  and  rearing  areas  that  would  be  opened  up. 
Estimates  of  potential  spawning,  adult  use,  and  juvenile  production  that  could 
result  would  be  derived  from  current  literature  and  data. 

Identified  by:     U.S.   Forest  Service  -  Clearwater  National  Forest. 

Task  3.4.3(h):     Boulder  Creek 

Stream  Location:     This  16-mile  stream  enters  the  Little  Salmon  River  at  R.M. 
16. 

Problem:     A  10  to  12-foot  rock  falls  partially  blocks  upstream  fish  passage 
about  4  miles  from  the  mouth  of  the  stream.     The  falls  is  probably  not  a 
block  to  steelhead,  although  it  blocks  nearly  all  Chinook  salmon  passage. 

Species:     Spring  chinook  salmon,  steelhead. 

Proposed  Enhancement:     Eliminate  passage  block  with  explosives  to  open  up 
about  10  to  12  miles  of  spawning/ rearing  habitat. 

Data  Needs:     Surveys  are  needed  to  obtain  detailed  estimates  of  the  amount  of 
new  spawning  and  rearing  areas  that  would  be  opened  up.     Estimates  of 
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potential  spawning  adult  use  and  juvenile  production  that  could  result  would 
be  derived  from  current  literature  and  data. 

Identified  by:     U.S.   Forest  Service  -  Payette  National  Forest. 

Task  3.4.3(i):     Cabin  Creek  Culvert  Replacement 

Objective:     Replace  three  culverts  that  are  blocking  upstream  migrating 
summer  chinook  salmon. 

Beginning  Date:     July  1983  -  engineering  and  drafting 
July  1984  -  construction 

Completion  Date:     October  1985 

Cost:      $140,000 

Benefit:     Replacement  of  three  culverts  with  a  bridge  will  access  12  miles  of 
stream  with  an  estimated  10,000  yards  of  spawning  gravel  and  120,000  square 
years  of  rearing  area.     Additional  spawning  and  rearing  space  will  increase 
smolt  capability  of  40,000  smolts  to  the  ocean. 

Task  3.4.3(j):     South  Fork  Salmon  River  Stream  Improvement 

Objective:     Remove  logs  and  debris  from  tributaries  that  are  preventing 
upstream  migration  of  adult  summer  chinook. 

Beginning  Date:     July  1983. 

Completion  Date:     July  1984. 

Cost:      $20,000 

Benefit:     Stream  clearance  will  open  up  15  stream  miles  with  an  estimated 
20,000  square  yards  of  spawning  gravel  and  150,000  square  yards  of  rearing 
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area.      Adrlitional  spawnincr  and  rearing'  space  will  increase  smolt  capability  by 
45,000  smolts  to  the  ocean. 

Recommendation :      That  the  Power  Planning  Council  include  in  its  Fish  and 
Wildlife  Program  the  investigation  and  implementation,   where  appropriate,  of 
the  preceeding  passage  improvement  projects  in  Idaho  utilizing  power 
revenues. 
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CHAPTER  4 
OBTECTIVE   IV:      ARTIFICIAL  PRODUCTION 

Introduction:      The  potential  for  use  of  artificial  production  facilities 
(hatcheries)   for  improvement  of  fish  production  or  in  the  replacement  of 
fishery  resources  lost  through  various  influences  has  long  been  recognized. 
The  first  fish  hatchery  in  North  America  was  established  in  1864  by 
Seth  Green  at  Mumford,   N.Y.     By  1872,  the  first  Pacific  Coast  fish  culture 
station  had  been  established  on  the  McCloud  River  in  California  (1). 
Hatchery  production  of  salmonid  species  on  the  entire  Pacific  Coast  has 
continued  to  grow  until,  in  1976,   the  release  of  anadromous  fish  of  all  species 
totalled  294   million     fish  weighing  11.1  million  lb.    (Ibid).     With  major  public 
and  private  projects  underway  continually,   the  number  has  surely  been 
exceeded  with  the  coming  of  the  1980's. 

Early  recognition  of  decreasing  salmon  production  and  the  opportunity  to 
compensate  for  these  losses  through  hatchery  production  was  demonstrated  by 
Washington  State  Fish  Commissioner,  James  Crawford  in  his  first  report  to  the 
Governor  of  Washington  (in  1890).  He  said  "To  foster  and  replenish  the 
streams  of  our  state  with  salmon  and  trout,  the  establishment  of  a  hatchery  is 
a  positive  necessity"  (Ibid).  Since  that  time,  the  role  of  hatcheries  in 
replacing  losses  due  to  a  variety  of  causes  has  continued  to  grow. 

The  initial  major  recognition  of  federal  responsibility  for  losses  of  the 
fishery  resource  resulting  from  habitat  degradation  and  water  use  project 
construction  in  the  Columbia  River  was  demonstrated  by  the  Mitchell  Act  of 
1938  as  amended  August,   1946.     The  act  called  for  construction  of  "...one  or 
more  salmon-cultural  stations  in  the  Columbia  River  Basin  in  each  of  the 
States  of  Oregon,   Washington,    and  Idaho."     Initially,   21  hatcheries  were 
constructed  or  remodeled  with  funds  appropriated  through  this  act.      By  1980, 
22  hatcheries  were  funded  in  whole  or  part,  by  the  Columbia  River  Fisheries 
Development  Program  established  under  the  Mitchell  Act.      The  total 
expenditures  through  1980  have  exceeded  $113,269,000   (2). 
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As  the  demand  for  hydroelectric  generating  capacity  increased  and  more 
projects  were  built,   more  of  the  anadromous  salmonid  resource  was  aflected 
through  loss  of  spawning  habitat,  adult  and  juvenile  passage  problems,   shifts 
in  mainstem  and  tributary  flow  conditions,   and  water  quality  degradation. 
Along  with  these  effects  came  the  awareness  of  the  need  for  compensatory 
actions  to  accompany  the  construction  of  hydro-projects.     In  recent  times, 
artificial  production  facilities  have  been  an  integral  part  of  most  licensing 
procedures  associated  with  hydro-project  construction  and  hatcheries  have 
sprung  up  throughout  the  Columbia  Basin  to  replace  salmonid  resources  lost 
to  hydropower  projects.     Many  of  the  Basin  hatcheries  were  constructed  at 
least  in  part  as  mitigation  for  both  federal  and  private  utility  projects  and 
their  releases  constitute  the  majority  of  the  hatchery  production  emanating 
from  the  Columbia  River  system. 

The  Lower  Snake  River  Fish  and  Wildlife  Compensation  Plan  (LSRCP) 
authorized  by  the  Water  Resources  Development  Act  of  1976,  P.L.   94-587,  is 
the  most  recent  example  of  a  major  hatchery  construction  program  provided  as 
mitigation  for  salmonid  losses  associated  with  hydropower  projects.     This 
package  is  designed  to  mitigate  for  losses  resulting  from  the  four  lower  Corps 
of  Engineers  facilities  on  the  Snake  River;   Ice  Harbor,  Lower  Monumental, 
Little  Goose,   and  Lower  Granite.     The  LSCRP  is  unique  in  that  the  mitigation 
requirement  addresses  not  only  the  salmonid  losses  due  to  the  lost  habitat, 
but  primarily  the  additional  losses  specific  to  operation  of  the  four  facilities 
and  resulting  from  adult  and  juvenile  passage  problems  (3). 

The  Pacific  Northwest  Electric  Power  Planning  and  Conservation  Act, 
P.L.   96-501,  recognizes  and  encourages  the  use  of  artificial  production 
facilities  in  its  aim  to  correct  heretofore  uncompensated  losses  resulting  from 
hydropower  development  and  operation  or  in  the  development  of  new  facilities. 
It  is  stated  in  the  Act  that  "Enhancement  measures  shall  be  included  in  the 
program  to  the  extent  such  measures  are  designed  to  achieve  improved 
protection  and  mitigation,"  4(h)(5).     The  act  further  instructs  that 
"Enhancement  measures  may  be  used,  in  appropriate  circumstances,  as  a 
means  of  achieving  offsite  protection  and  mitigation,"  4(h)(8)(A).     In  order 
that  the  agencies  involved  might  secure  due  compensation  and  protection,  the 
Act  instructs  the  Power  Planning  Council  to  "Adopt  a  program  to  protect. 
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nitifTate,  and  enhance  fish... on  the  Columbia  and  tributaries,"  4(h)(1)(A). 
To  secure  this  program  the  act  "directs  the  Council  to  request  from  the 
agencies  recommendations  for  fish  and  wildlife  management  coordination  and 
research  and  development  (including  funding)  which,  among  other  things  will 
assist... enhancement  of  anadromous  fish "     4(h)(2)(C)   (Emphasis  added). 

The  Role  of  Artificial  Production 

The  potential  of  artificial  production  facilities  to  successfully  produce 
salmonid  species  has  been  proven.     For  example,  releases  of  coho  salmon  over 
a  two-year  period  from  20  Mitchell  Act  hatcheries  produced  an  estimated  2.1 
million  coho  at  an  average  benefit/cost  ratio  of  7.0:1.     A  similar  four-year 
study  of  fall  chinook  from  13  hatcheries  showed  a  contribution  of  1.5  million 
Chinook  with  a  benefit/cost  ratio  of  4.2:1   (2).     In  geographical  areas  where 
survival  rates  are  higher  than  those  from  the  Columbia  River  system, 
benefit /cost  ratios  have  exceeded  18:1  (Washington  Department  of  Fisheries, 
unpublished  analysis). 

In  its  basic  context,  the  role  of  hatchery  facilities  in  protection, 
mitigation,  and  enhancement  is  two-fold.     First  is  to  attempt  to  restore  total 
production  to  historical  levels.     The  4(h)  Program  under  the  Power  Act  will 
provide  for  restoration  of  losses,  to  the  extent  possible,  through  improved 
juvenile  and  adult  passage  and  enhanced  use  of  natural  production  capacity 
(Objectives  1  through  III).     It  is  recognized  that,  even  with  major 
improvements  in  passage  and  flow,  a  deficit  will  exist  between  pre-dam 
production  levels  and  present  day  levels  due  to  passage  problems  associated 
with  power  dam  operations.     This  deficit  is  well  demonstrated  by  Junge  (4). 
Based  on  mortality  estimates  on  juvenile  and  adult  migrants,   Junge  estimates 
that  with  all  modernization  of  passage  facilities  a  15  percent  deficit  may  still 
exist.     Whatever  the  loss  may  be,  it  must  be  made  up  through  habitat 
improvement  and  artificial  production.     Subobjectives  4.1,  4.2,  and  4.4 
address  the  role  of  hatcheries  in  providing  increased  production. 

The  second  application  of  artificial  production  facilities  will  be  to 
facilitate  distribution  of  production  potential  to  meet  harvest  management 
requirements,  fishery  distribution  requirements,  and  species-specific 
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escapement  objectives.     Distribution  requirements  can  be  met  by  adept 
location  of  major  production  facilities,  off-station  planting  locations,   satellite 
facilities,  off-site  release  ponds,  etc.     This  segment  of  compensation  is 
addressed  in  Subobjectives  4.3,  4.5,  and  4.6. 

The  following  Objective  IV  task  recommendations  will  present  a  program 
for  applying  artificial  production  capabilities  to  the  problem  of  compensation 
and  mitigation  under  the  Power  Act.     The  discussion  will  include 
recommendations  for  siting  and  construction  of  new  hatcheries  to  increase 
overall  production  (4.1  and  4.2).     Recommendations  will  also  be  made  to 
improve  efficiency  within  existing  hatchery  facilities  and  for  improved  quality 
of  salmonids  now  produced  (4.4).     Recommendations  will  be  made  to  ensure 
that  salmonids  produced  for  compensation,  will  be  released  at  locations  and  in 
numbers  compatible  with  natural  production  and  harvest  management 
considerations,   and  treaty  obligations  (4.3).     Provisions  will  be  recommended 
to  take  advantage  of  low-capital,  small-scale  production  facilities  that  will 
further  improve  capability  to  distribute  production  (4.5).     Finally,  the 
feasibility  of  using  hatchery  outplants  to  supplement  natural  production  will 
be  investigated  (4.6). 

Limitations 

The  use  of  hatchery  production  must  be  viewed  with  an  eye  to  practical 
limitations.     Some  of  these  will  be  addressed  briefly  herein. 

1.       Over  the  past  ten  years  it  has  become  apparent  that  salmonid  production 
cannot  be  increased  indefinitely  without  limit  from  major  systems  like  the 
Columbia  River.     While  hatchery  releases  of  coho  salmon  have  increased 
phenomenally,  adult  production  from  these  releases  has  dropped 
drastically  in  the  area  of  the  Oregon  Production  Index.     Several  possible 
explanations  have  been  advanced  and  the  cause  of  the  phenomenon  is  not 
resolved.     One  hypothesis  implies  a  density-dependent  relationship 
possibly  coupled  with  or  exaggerated  by  unfavorable  environmental 
conditions.     A  thorough  discussion  of  this  problem  can  be  found  in  a 
"Comprehensive  Plan  for  Production  and  Management  of  Oregon's 
Anadromous  Salmon  and  Trout;   Part  II.     Coho  Salmon  Plan"   (5). 
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2.  Species  Interaction  Problems.     Ames  (6)  has  proposed  specific 
inter-species  interaction  problems  associated  with  enhancement  of  some 
Puget  Sound  coho  stocks.     This  class  of  problem  may  also  manifest  itself 
in  Columbia  River  fall  chinook  performance  (D.   Austin,   pers.   comm.). 

3.  Stock  Selection  Problems.     Geneticists  (and  others)  have  expressed 
discomfort  with  stock  selection  processes  used  in  hatchei*y  facilities. 
Most  apparent  of  these  is  inadvertant  selection  for  earlier  run  timing. 
The  most  threatening;  however,  might  be  indiscriminate  transfer  of 
brood  stock  resulting  in  loss  of  genetic  variability  and  likely  loss  of 
overall  performance. 

4.  Mixed  Stock  Fishei^r  Problems.     These  problems  have  developed  in  the 
past  and  and  have  manifested  themselves  in  depression  of  wild  stock 
escapement.     More  recently,  mixed  stock  fisheries  have  become  a  legal 
problem  in  meeting  allocation  requirements.     The  use  of  hatcheries  must 
address  distribution  needs. 

Each  of  the  potential  problems  noted  need  not  become  actual  pi*oblems  if 
the  application  of  artificial  production  capability  is  the  result  of  a  well 
thought  strategy.     The  potential  for  such  a  strategy  exists  within  the  4(h) 
provisions  of  the  Power  Act. 
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Suhol^jective  4.1:     Determine  feasible  locations  for  increased 

artificial  production  to  compensate  for  losses 
resulting  from  hydroelectric  development  on 
Columbia  Basin  anadromous  fish  stocks,  compatible 
with  mitigation  efforts,  natural  production  and 
harvest  considerations. 

Artificial  production  will  play  a  major  role  in  improving  anadromous  fish 
runs  in  the  Columbia  Basin.     Junge  (unpub.  m.s.,  1981)  (1)  estimates  that, 
of  the  shortfall  of  production  resulting  from  hydropower- related  losses,  as 
much  as  15  percent  will  have  to  be  regained  through  mitigation  and 
compensation  at  artificial  production  facilities  and  through  habitat  improvement 
projects.     The  task  descriptions  contained  in  this  subobjective  will  set  out 
processes  by  which  suitable  sites  for  artificial  production  will  be  identified 
and  chosen  through  a  priority  selection  system. 

Since  successful  production  of  salmonids  hinges  on  the  water  supply, 
water  availability  may  be  the  critical  limiting  factor  for  the  future  increase  in 
artificial  production.     Task  4.1.1  will  establish  an  investigation  process  to 
identify  and  compile  all  available  information  on  potential  hatchery  water 
sources  within  the  Columbia  Basin.     In  addition,  exploration  will  be 
recommended  to  uncover  any  new  sources  of  water  not  previously  identified. 
Water  resource  information  will  be  presented  in  a  resource  compendium  for  use 
by  all  participating  agencies. 

There  is  some  potential  for  expansion  of  water  supplies  and  increased 
production  at  existing  facilities.     Task  4.1.2  represents  results  of  a  survey 
of  existing  hatcheries.     Increased  rearing  potential  is  identified  at  17  of  those 
hatcheries.     Potential  for  micro-hydropower  facilities  is  identified  for  5-7 
hatcheries. 

Hatchery  siting  and  construction  is  also  determined  in  part  by 
consideration  of  the  species  involved,  release  sites  available,  production  levels 
required,  and  harvest  management  priorities. 
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Task  4.1.3  will  set  up  a  process  by  which  proposed  artificial  production 
sites  can  be  evaluated  and  prioritized  in  terms  of  priority  needs  of  the  major 
Columbia  River  Basin  compensation  plan  as  well  as  the  biological  requirements 
of  the  cultured  species. 

Under  the  4(h)  provisions  of  the  Power  Act,  each  of  these  task 
developments  will  require  that  funding  proposals  be  submitted  to  Bonneville 
Power  Administration  and  that  Bonneville  Power  Administration  provide 
adequate  funds  to  accomplish  the  desired  objectives. 
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Task  4.1.1:     Locate  and  Quantify  New  Hatchery  Water  Supplies 

Introduction:     Selection  of  the  hatchery  site  is  the  single-most  important 
decision  of  all  those  involved  in  development  of  a  production  facility. 
Successful  hatchery  production  programs  are  based  primarily  on  availability  of 
adequate  water  of  high  quality. 

In  historical  terms,   site  selection  often  involved  the  most  readily  available 
and  accessible  water  supply.     As  would  be  expected,  the  most  desirable 
locations  were  those  occupied  early  on  and  good  hatchery  sites  have  become 
increasingly  rate.     Site  selection  has  also  increased  in  complexity  as  fishery 
management,   catch  distribution,  and  cost  factors  receive  more  attention.     This 
fact  has  become  readily  apparent  in  results  of  recent  site  selection  efforts 
associated  with  the  Lower  Snake  River  Fish  and  Wildlife  Compensation  Plan 
(LSRCP). 

It  is  imperative  that  efforts  in  hatchery  site  identification  and  selection  be 
emphasized  and  a  comprehensive  compendium  of  the  sites  with  development 
potential  be  compiled.     This  eftort  is  required  to  initiate  Phase  I  compensation 
for  unavoidable  losses  due  to  power  development. 

Status:     Site  selection  activities  have  been  initiated  sporadically  by  most 
agencies  engaged  in  anadromous  fish  production.     Generally,  these 
undertakings  are  related  to  a  specific  funding  source  or  project.     The  most 
outstanding  recent  examples  are  efforts  related  to  the  LSRCP  (1)  and  the 
Mid-Columbia  River  Study  (2).     Other  Projects  or  development  programs  have 
also  contributed  in  some  measure,  to  the  current  store  of  information 
(bibliography). 

Available  documents  are  attached  (Appendix).     Several  documents  secured 
for  this  presentation  include  sites  that  were  subsequently  develodped.     This  is 
not  a  comprehensive  review ,   rather  it  serves  as  an  example  of  the  current 
level  of  information  availability.     It  should  be  noted  that  no  comprehensive 
compendium  of  sites  exist  in  any  state  or  federal  agency.     Information  from 
Washington  State  is  piecemeal  with  various  bits  of  work  done  under  several 
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project  applications.     Idaho  has  no  in-state  documentation  althoupfh  several 
Idaho  sites  were  included  in  the  various  LSRCP  reports.     Oregon  developed  a 
memorandum  (Appendix)  relating  to  the  LSRCP  but  has  no  in-state  site 
catalog.     National  Marine  Fisheries  Service  compiled  input  from  state  agencies 
in  a  document  dated  1979  (Appendix)  but  maintains  no  comprehensive  catalog. 
Also  of  note  is  the  difficulty  in  securing  information  on  the  work  done 
subsequent  to  identification  of  a  proposed  site.     In  many  cases,  only  agency 
historians  were  able  to  describe  the  turn  of  events  leading  to  analysis  and 
rejection  of  a  given  site.     In  other  cases,   documentation  in  the  form  of 
feasibility  studies,  pumping  test  reports,  etc.,  exist  but  tracking  these  bits 
and  pieces  of  information  will  be  a  painstaking  and  time-consuming  task. 

Needed  .Research:     It  is  clear,  both  from  the  level  of  documentation  available 
and  from  personal  communication,   that  information  exists  in  many  forms 
throughout  the  interested  agencies.     It  is  also  clear  that  many  sites  are 
identified  repreatedly  under  different  auspices  and  evaluation  effort  is 
duplicated  and  then  fades  from  the  record.     As  a  consequence  of  this 
investigation,   a  study  with  the  following  objectives  must  be  undertaken: 

A.  Develop  a  comprehensive  compendium  of  existing  site  data  for  the 
Columbia  River  Basin*. 

B .  Establish  a  program  for  identification  and  exploration  of  new  hatchery 
sites  in  the  Columbia  River  Basin.     Characterize  these  sites  as  to  certain 
criteria  established  under  Task  4.1.3.     Add  these  site  data  to  the  above 
compendium. 

Anticipated  Results:     Completion  of  the  study  would  result  in  a  single  concise 
document  to  which  all  agencies  could  refer  when  development  opportunities  are 
presented.     The  project  would  also  establish  a  routine  by  which  information 
could  be  submitted  and  updated  on  a  continuing  basis.     The  compendium  would 
also  serve  to  prevent  costly  duplication  or  replication  of  effort,  serving  as  the 
authoritative  source  document  for  all  users. 

Scope  of  Work:     The  general  approach  to  accomplish  objectives  A  and  B  is 
through  a  contracting  procedure  similar  to  those  successfully  used  by  the 
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mid-Columbia  public  utility  districts  (2).     The  two  objectives  could  be  carried' 
out  concurrently  or  sequentially,  depending  on  time  requirements  and  budget 
availability.     Objective  B  would  require  appreciably  more  time  (and,  in  fact, 
should  be  a  continuing  process). 

Contract  bidding  and  procurement  would  be  by  Bonneville  Power 
Administration.     Oversight  responsibilities  could  be  assigned  to  any  of  several 
alternative  participants: 

1.  Columbia  River  Fisheries  Council  (APC) 

2.  Ad-Hoc  Executive  Committee 

3.  Single  agency  representative 

A  procedural  outline  for  a  sequential  approach  follows: 

A.  Power  Planning  Council  sanctions  objectives. 

B.  Power  Planning  Council  obligates  funds  for  planting. 

C.  Ad-Hoc  Executive  Committee  (AHEC)  assigns  responsibility  for 
planning  project  description  to: 

1.  APC 

2.  AHEC  special  appointee 

3.  Single  agency  representative 

D.  AHEC  receive  and  provide  project  description  to  BPA  for  bidding. 

E.  Bonneville  Power  Administration  solicits  bids  for  objective  A. 

F.  Bonneville  Power  Administration  acquires  bid  and  assigns  project 
responsibility  to  AHEC . 

G.  AHEC  assigns  oversight  responsibility  for  contract  to: 
1.       APC 
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2.  AHEC  appointee 

3.  Single  agency  representative 

H.       Contractor  performs  tasks  and  provides  document  to  AHEC, 
Bonneville  Power  Administration,  and  oversight  assignee. 

I.        Repeat  process  A  through  H  for  objective  B. 

Alternative  1.     Objectives  A  and  B  planned  and  bid  by  process  described 
above  as  two  sequential  projects  or  contracts. 

Alternative  2.     Objectives  A  and  B  planned  and  bid  as  separate 
concurrent  projects. 

Alternative  3.     Objectives  A  and  B  planned  and  bid  in  a  single  project 
following  steps  A  through  H  in  a  single  pass-through. 

Recommendation :     That  the  Power  Planning  Council  adopt  in  its  Fish  and 
Wildlife  Program  research  to  develop  a  basin-wide  compendium  of  existing 
hatchery  site  data  and  to  identify  and  conduct  exploration  for  new  hatchery 
sites. 
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Waikiki  Springs  Hatchery 

The  Waikiki  Springs  hatchery  site  is  suitable  for  propagation  of  up  to 
500,000  steelhead  smolts  annually. 

Introduction:     The  Washington  Department  of  Game  (WDG)  proposes 
development  of  a  steelhead  hatchery  at  Waikiki  Springs  in  Spokane. 

Status:     The  hatchery  site  has  20  cfs  of  spring  water  available;   however, 
water  rights  have  not  been  secured  because  the  water  supply  has  not  been 
demonstrated. 

Anticipated  Results:     Funding  would  provide  a  feasibility  study  of  the  site, 
leading  to  securing  of  water  rights  and  a  request  for  design  and  construction 
funding. 

Scope  of  Work: 

A.  WDG  provides  formal  funding  request  to  Power  Planning  Council. 

1.  Site  characteristics 

2.  Legal  status 

3.  Probability  statement  for  feasibility 

B.  Power  Planning  Council's  program  provides  funds  for  feasibility  study  of 
Waikiki  Springs  site. 

C.  WDG  conduct  feasibility  study  and  report  to  Power  Planning  Council. 

1 .  In-house 

2.  By  consulting  contract 
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Recommendations:     WDG  recommends  that  a  proposal  be  presented  for  funding 
of  feasibility  studies  of  this  site  and  that  funds  be  provided  under  the  Fish 
and  Wildlife  Program  of  the  Power  Planning  Council. 
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5!91 


Appendix 


5S2 


J«ll*t.t_  .. 


't. 


WASHINGTON 

Department  of 

FISHERIES 


- -"''•*'^— *^^^^*^- 


DANIEL  J     EVAN'^ 


1HOR  C    TOLUEFSO.*^ 
OiniCTO* 


November  7 .  197C 


Colonel  flelson  P.  Conover,  District  Enqlneer 

Walla  Walla  District 

U.S.  Army  Corps  of  Enolnears 

Building  602,  City-County  Alroort 

Walla  Walla,  WA    99362 

Dear  Colonel  Conover: 

We  are  pleased  to  submit  for  your  examination  the  tabular  suimary  for 
hatchery  reouirements  and  rearino  proarams  for  the  Lower  Snake  River  Comoensa- 
tion  Plan.     This  reoort  was  oreoared  by  the  Colunbia  Basin  Fisheries  Technical 
Cormittee's  Lower  Snake  Hatchery  Subcommittee.     It  has  been  annroved  hy  both 
the  Columbia  Basin  Fisheries  Technical  Comittee  and  the  respective  directors. 

Tables  1  and  2,  which  were  prepared  several  months  aao,  have  a  sHoht 
discrepancy  In  the  adult  chinook  reouirements  (18,51?  instead  of  lR,3r)0). 
Except  for  variations  due  to  roundino,  we  believe  the  values  In  the  other 
tables  are  conservative.     Table  3  sunnarires  the  overall  prooram  criteria, 
while  Table  4  lists  the  pounds  of  smolts  to  be  released  for  each  release 
site.     Table  S  lists  a  qeneral  physical  description  of  available  water  sun- 
plies  for  each  hatchery. 

Two  tables  have  also  been  prepared  for  each  of  eloht  proposed  hatcheries: 
the  "A"  tables  oivinn  the  rearino  criteria,  and  the  "B"  tables  olvino  tho 
specific  information  relative  to  hatcherv  requirements. 

We  suqqest  that  you  and  members  of  your  staff  examine  these  closelv  nrior 
to  our  meetinq  with  you  on  November  15.     Mr.   Robert  Haoer,  Hatchery  Subcommittee 
chairman,  will  be  prepared  to  answer  any  questions  you  mav  have  at  the  meetinq. 
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Colonel  Nelson  P.  Conover 
Noveirber  7,  1974 
Page  2 


Various  field  tests.  I.e.,  averane  around  water  sources,  etc.,  will  be 
required.     We  feel   tnis  work  snoulrt  be  conouctee  by  the  Coros  and  that  site 
investiaation  should  proceed  innedlately.     The  fishery  aoencies  will  be  nre- 
oared  at  the  November  15  meetino  to  suddIv  nanes  of  aoencv  reoresentatlves 
that  will  act  liaison  with  you"  staff  in  this  enoeavor. 

Sincerely, 


biiyereiy, 

Thor  C.  Tollefson 
Di rector 


Enclosures 


cc:     Gene  Kruse  -  Fish  Connisslon  of  Oreaon 
John  McKean  -  Oreqon  Wildlife  Comnissior. 
Joseoh  Greenley  -  Idaho  Fish  ^  Gane 
Carl  Crouse  -  Wash.  Deot.  o^  Gane 
Kahler  Martinson  -  U.S.  Fish  S  Wildlife  Service 
Don  Johnson  -  National  Mari'^e  Fisheries  Service 
Columbia  Basin  Fisheries  lecnnical  Co^w^ittee 
Robert  Haoer  -  Wash.  Dent,  o^  Fisheries 
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TabJe  1.  Distribution  of  Salmon  and  Steelhead  requiring  Hatcherv 

Connensation.  (Obtained  by  taking  48';  of  values  presented 
in  table  on  page  10  of  Lower  Snake  "iver  report) 


Fall 

Spr.  or  Sa-nmer 

Steel- 

Area 

ChinookJ/ 

Chinool 

head 

Snake  River 

Belo«4  Lewiston 

s.on:^ 

! ewiston-Oiina  G. 

S.SSfi 

2,208 

China  G.-lligh  Mtn.  Sheep 

743 

Hiph  Mtn.  Sheen-Aonaloosa 

203 

Appaloosa-Pleasant  Vrlley 

743 

Pleasant  Valley-Hells  Caryor 

4,450 

Hells  Canyon  Dam  Fish  Facilities 

3,ft48 

1,200 

2,736 

Tucannon  River 

1,157 

1,632 

Clearwater  River 

fP 

2RS 

20,736 

Asotin  Creek 

■f 

816 

Grande  foncJe  ".iver 

5,856 

7,632 

Salmon  River 

46.656 

16,896 

Imna])a  liver 

6R 

3,216 

1,920 

Small  tributaries 

288 
58,656 

528 

Total 

1R,512 

55,104 

1/      Total  compensation  for  fall  chinool  hcs  been  adjusted  to  agvee  ixith  Cores' 
report,  but  distributio^i  apreec  wxt'i  original  revert.     Thete  are  to  be 
produced  by  Waahtngton  Department  of  Fisheries. 
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Tabic  3.   Hatcnery  Requirements  to  Produce  Required 
Numbers  of  Adult  Chinook  and  Steelhead  1/ 


Survival  (smolt  to  adult]  1/ 
Percent ape 

Number  of  Returning  Adults 
(mitipation) 


Fan 
Cr.ino->' 


Number  of  f-emalos  2.?'-' 

Efsps  per  Female  ?,O0' 

Number  of  Eecs  ll,4S0,mf 

Survival  (eggs  to  smolts) 

Percentacc  S^ 

Number  of  Smolts  9,16C,n'^r' 

Fish  per  Pound  ;-90 

Pounds  of  Smolts  Z'                                      iri.Pf"" 


0.2- 
1 8 ,  S^-.C 


Spr.   fi  Sua.  fjamr.vr 

Chinook  Steelhead 


2,14r.  ■,■'•? 

4,5'-(  S.f^OP 

9,631,600  I6,95",f'i." 

70  t.3 

ft, 741,500  ii,o:i,noo 

15  S 

449, 64n  1,377, 60n 


fi.87 
SB, 700 


0.50 
55.100 


J/    Total/*  r~  iniividual  hatsheviep  ccxusp  obi'iour  vourjdinn  errcre  in  value?.. 

2/     Pnundr  of  smolts  reared  ir  the  rost  sicm^inarr  ztr"  both  with  resDetsT.  f 
~       hatchan'  erete  an":  eventuz'i   adult  productior..     Size  arjj  KurrijerB  may  be 
ad,iuBted  to  hatchery  pract',Ci:. 

3/     Survival  to  Lower  Granitr  Dim. 
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Table  4.   Hatchery  Production  and  Area  of  Peltasc 


V-'«=^ 


Thousands  of  Pounds  of  Reared  Fish 


Ststior 


SH 


ICatch.ible; 
Trout     ' 


Fall       ;     Spr. 
Chir.      '     Chin. 


Sup. 

General  Art  a 

Chin. 

Total 

of  Releas< 

101 

B 

1  Hat Cher V 

F. 

8 

:  Tucannon 

llf 

.6 

1 

llh 

A 

'  S.L.  If  A  river 

03 

_0 

i  Undetermined 

Pasco 

Total 
Rocky  Ford 

Total 
Lostine 
Innaha 

POW2ll 


Propra*^ 
Totals 


I 


Total      I 

t 
Bricks  Snrinps' 

'lotal 
McCall 

Total 
•lackav 


116.4 

225.0 

54.  f. 

125.^1 

100.0 

125.0 

350. C 

SO.O 

100. P 

I     100.0 

!     631. »• 


3.377.f 


93.  r 


101.8 


.\(^\.S. 


8.S 


44." 
24. C 


209.4 


269. o     I    Hatcherv 


79.2 


I 


i 


Hatchery 


•     oq.f, 
!    61.3 

i    

i 160.9 


\2S.0     i    IVhitc  Sand  Cr. 
! (Upper  Lochsa! 
ino.o     !    Potlatch  Cr. 
'  (Clearwater  1 
99-6     •    Upper  Lochsa 
IRr. T     '    Crooked  River 
I  (S.F.   Clearwater' 


Sin. 9 


30.6 
CI. 5 


I 
148.9   '. 


1'"'^    "> 


93. P 


I     ?27.2 


!         50.0 

100.0 

:      lor    . 

i       631.6 

30.6 
3P.? 
61. 3 
I 

14R.Q 


;2,021.K 


laoid  River 
Johnson  Crc'-V 
S.F.    Salmon 
Lemhi 


Johnson  Cr-jcJ 
S.F.    Saicon 


Unpcr  Salmon 
(Decker) 


5S8 


Tabic  5.     General    Phvsical   T'escnntior  of  Available 
IVater  Supplies 


Sito 

Approx . 

Q 

fcfs) 

ItT:;.. 

Ranpic 

ft     ; 

biurr-. 

General  Type 
of 
Oneration 

Pasco 

40-6^^ 

55- f>" 

; x- f  '•  . 

One-Through 

Rocky  Ford 

30 

5''> 

f«ocr.y  Ford  Crcci. 

Once-Through 

Lostine 

"e-Use   fl20cfs} 

Imnaha 

witcr    (3.0  CIS  ;■ 

Re-Use   ^'=>*^  cfs) 

Powell 

Loc^^sa  tivcr 

Once-Through 

Brief's  Springs 

106-115 

S7-5Sf 

Briefs   Srjrinps 

Once-Through 

McCall  1/ 

UnknovT 

30-50 

Bip  Payette  Lat.:e 

Once-Through 

Mack ay 

35 

47 

J-arr  Snrin"s  Creek 

Once-Through 

1/    ExDartaiori  of  cn-Bti^-a  hatcheru. 
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Rearing  Propran  for  Lower  Srake  P.ivtr  Cocnensation  Plan 
Afencvi  Uashin^ton  Uepartnent  of  Fisncr^v^ 
Location:  Pasco 


lA 


Fai; 

Chirro' 


Sprinr 
ChinooV 


( 


Number  adults  required 

Survival   to  soawn 
Number   soavmin" 
Percentare  females    "1/ 
Number   femalci 
Number  of    e?;gs  ner  female 

Number  eggs  required 

Survival   epe-smolt 

Number  sr.olts  to  lioeratc 

Number  per  pound 

Total  pounds  liberated 

Survival    smolt-adult 

Kunber  rtturninp  adulTi 
(nitiijation) 

Approxin.ite  release  date 

Anr»roximate  rearinf  nerioc    (norths  i 


s  ,  "*  r  * 

2.?'* 

11,450,01'' 
8C' 
?.160,00- 

op 

ini,8P'< 
n.2' 

"av-Junc 


ir-i 

801. 
105 

42 
4,500 

189,100 

70- 

132,400 

15 

8,800 

0.87'. 

1,152 

April -Ma V 


^, 


U     Sc~  ccr.voeitioK  frecrurriZi.-^  verier^  fro''  4C  to  COZ  feraie:^  hence  lower  fiauvc 
is  reauired  to  assure  adeauctc  mcnher  o^  ^^vilcc. 
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1B(1) 

Requirenents  of  liatcheries  Proposed  Under   Lower   Snake  Pivcr 
Conpcnsation  Plan 

Arcncy:      Washin^.tcm  OepartirenT   of  Fishcrit-5 

'■ocation:     *lain   facil  ity--Pnsco,   U'nshinrtor" 

Satellite  Faci  litv--r.iissell    Snrines,   Tucannon  »iver;     Township  ION, 
Ranpe  41   East   '  .'l.    in  Colunbia  Countv,   'lashinptcr; 

Land  Requirement:       4P      acres 

Hatchery  type:     Single  pas5      fyl  ;   ke-use   :      ^ 

Ecp   Incubation 


Species 


Number 
of  ecps 


Incubation  Period 


Fror 


Fall  ChinooV      ll,450,pnn 
Spring  Chinook       189,100 


October 
Aupust 


Maximum  nuinber  of  e«»<^s  held  at  anv  one  tine- 

V 

Smolt   Production 


To 


March 
Deceriber 


11,639,100 


Species 


Snolt^   at  Tine  of   Release        i 
N'unrcrs       Vo..'Lo  l.c^         ' 


f^carinr  f'criod 


Fro- 


Total   MOS. 


Fall  Chinook 
Sprinr  Chinook 


9,160,000      90     101. POn    Februarv   June 

13?. 40"      IS       8,800    December   April 


tlaxinum  pounds  in  ponds  at  anv  one  tire 
Adult  Holding  Facilities  (for  eacli  area  if  more  than  one) 


5  to  17 

1. ■?•'>.  ono 


Location 

Nunoer 
of  Adults    1 

".'.f 

fc-icc 

Species 

Fro-. 

To 

Fall  Chinook      Hatcherv 

6.02f 

Aucust 

December 

Sprine  Chinook    Tucannon  Site 

131 

r'ay 

September 

Description  of  Available  kater  Suprlv 

« 

Pasco 

Ground  water  is  ava:laMe  fron  collection  ditrhe?  in  downtown  Pasco.  This 
water  appears  to  be  a  result  of  ',;.  S.  bureau  of  Reclamation  nroiects  and  nay  be 
increasing  in  quantitv.   The  U.  S.  Army  Corps  of  Eneineers  has  the  responsibility 
for  pumninp  this  water  fron  the  collection  ditches  into  the  Colunbia,  anv  future 
work  by  tlie  Corps  in  interceptinc  this  water  mav  well  be  dovetailed  easily  into  a 
hatchery  progran  in  the  imcdiatc  Pasco  area. 

An  estimated  "10-60  cf«^  of  5S-f-'  ^  uaT  er  is  Tescntlv  available. 
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1B(2) 

Turannon 

An  estimated  2.5-3.0  cfs  is  available  from  Russell  Springs.   tDF  owns  the 
14.3  acres  at  this  site  and  has  an  existing  water  rif^ht  of  5  cfs  from  the  springs. 

Note:  A  supportive  suorly  of  nunped  Columbia  River  water  will  be  required 
for  swolt  conditiccxcg. 

Mode  of  Operation 

Presert  plans  call  for  the  release  of  the  entire  fall  chinook  production  to 
be  released  at  the  hatchery  and  all  sorinr'  chinook  from  the  Tucar.ncn  satellite 
facility.   Adults  will  be  collected,  retained,  and  spawned  at  the  points  of 
release.   Incubation  facilities  nay  be  required  at  the  Tucannon  site. 

Incubation  and  nroduction  tables  reflect  the  program  desipn  criteria; 
however,  in  actual  practice  it  is  likely  that  both  species  will  be  reared  to 
a  larger  size  and,  as  a  result,  a  lesser  ege  take  will  be  required  to  maintain 
the  mitiRative  ooundace-nroduction  "oal.   A  more  precise  estimate  of  actual 
incubation  needs  will  be  aeveloped  wnen  actual  enqineermg  and  design  work  is 
initiated . 


rr 
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Sunrnary  o€  Hatc^Gry  Site  Investigations 
,qq_  to  Locate  a  Sumner  Steel  head  Hatchery  for 

"  Production  of  Oregon's  Share  of  the  Lower  Snake 

>2  5  iQg  River  Fish  and  Wildlife  Compensation  Plan  (LSRCP) 

•"'"•t  fi 

A^part  of  the  LSRCP  the  Oregon  Department  of  Fish  and  Wildlife  is  to  reaf- 

280,000  pounds  of  summer  steelhead.  We  plan  to  rear  the  fish  to  6  per  pound 

for  a  production  of  1,680,000  smolts  to  be  released  into  the  Imnaha  (330.000) 

and  Grande  Ronde  (1,350,000)  rivers. 

A  hatchery  of  the  size  contemplated  would  require  a  site  of  30-40  acres  c' 
land,  a  water  supply  of  78,  40,  or  27  cfs  depending  on  whether  we  have  a 
single,  double,  or  triple  pass  system.  We  woulc  prefer  a  single  pass  system 
but  this  may  not  be  possible. 

The  water  temperature  must  average  54  F  annually  to  allow  us  to  rear  the 
fish  to  6  per  pound  for  release  at  the  end  of  their  first  year.  The  fish 
Would  be  hauled  for  release  to  selected  tributaries  of  the  Imnaha  and  Grande 
Ronde  rivers.  Acclimation  ponds  will  be  developed  in  areas  which  are  chosen 
for  adult  collection  and  egg  taking  sites.  No  adults  are  planned  to  be 
returning  to  the  site  selected  for  the  hatchery.  The  eggs  would  be  taken  at 
the  collection  area  and  hauled  green  to  tbe  hatchery. 

Our  first  choice  of  a  site  was  the  area  at  the  confluence  of  the  Lostine  and 
Wallowa  rivers.  Well  exploration  provea  tne  site  to  oe  inadequate.  Conse- 
quently, we  surveyed  all  other  known  available  sites  ana  must  make  a  decision 
as  to  the  location  for  Oregon's  steelhead  hatchery.  We  also  investigatec 
the  potential  for  the  concept  of  reusing  tne  wate". 

We  examined  nine  sites  in  Oregon  and  two  in  Idaho.  InfcnT.ai.ion  on  these 
sites  and  a  discussion  of  the  potentials  for  reused  water  system  is  presented 
In  this  report,  followed  by  our  recommendations. 


Lostine-Wellowa.  Site  Uo.   1 


This  site  is  a  40-acre  tract  of  land  located  near  the  confluence  of  the 
Lostine  and  Wallowa  rivers.  The  Corps  of  Engineers  obtained  a  lease/option 
to  buy  from  Mr.  Renfrow  in  order  to  conduct  test  well  drilling.  Four  wells 
were  drilled  and  the  results  were  not  promisinc.  Estimates  were  that  only 
5-6  cfs  of  water  could  be  developed  at  this  site. 

Recommendation:  No  further  study  requester. 

Wallowa  Hatcr.erv.  Site  No.  T 


A  search  for  ground  water  began  in  the  winter  of  1975  when  a  6-inch  test 
well  was  dug.  This  well,  286'  deep,  yielded  140  GPM  of  52°F  water.  An 
additional  well,  16-inch  diameter,  was  dug  in  1976.  This  we'll  yieldec 
4.5  GPM  at  a  depth  of  370',  82  GPM  at  490',  and  145  GPM  at  70C'.  The  well 
was  finally  drilled  to  a  depth  of  1,000  feet  in  early  1978.  At  completion, 
test  pumping  produced  only  140  GPM.  Water  temperature  increased  to  61  F  as 
the  well  was  deepened.  Tne  Corps  believes  that  our  chances  are  extremely 
remote  for  locating  sufficient  around  water  at  this  site. 


,../ 


Reconrendation:  No  furtne-  stucy  reauestec  at  this  tine. 
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Gra-nde  Ronde.  Site  No.  3 

Ground  water  searches  were  conducted  in  two  areas;  one  in  the  vicinity  of 
Elgin,  the  other  near  La  Grande.  Preliminary  studies  indicated  that  these 
areas  could  provide  adequate  water  by  pumping  to  operate  a  hatchery.  How- 
ever, any  additional  well  developrr.enr  in  this  area  could  seriously  interfe't 
with  existing  water  supplies.  All  land  owners  in  the  Elgin  area  refused  t:; 
sell. 

In  the  La  Grande  area,  10  landowners  were  contacted.  Only  5  owners  respcnae: 
3  were  unwilling  to  sell,  while  2  indicated  they  would  sell.  The  Corps 
feels  that  they  need  10  wells  to  supply  our  needs  and  that  they  can  locate  : 
of  them  on  the  property  of  the  willing  sellers.  They  believe  that  if  the;. 
can  get  one  other  owner  to  sell,  they  could  aevelop  the  10  wells  necessary 
for  a  hatchery.  However,  they  are  not  very   optimistic  about  ever  ofataininc 
,  water  rights  due  to  the  large  amount  of  water  neeoed  and  the  potential 
effect  on  present  wells  in  tne  area. 

The  Corps  estimates  that  it  would  cost  $3.7  million  to  develop  a  well  syste~ 
capable  of  producing  27  cfs  of  55  F  water.  The  annual  pumping  costs  woulc 
be  $50,000  0979  costs).  To  obtain  40  cfs  would  cost  $6.0  million  for 
development  and  about  $75,000  (1979  costs)  annually  for  pumping. 

Recommendation:  No  further  stuay  requested  at  this  time. 

Wallowa  Lake,  Site  No.  ^ 

We  briefly  investigated  the  possibilities  of  using  Wallowa  Lake  as  a  source 
of  water  for  a  hatchery.  We  came  to  the  conclusion  that  there  are  too  ma"-:. 
unknown  factors  at  this  time  to  adequately  evaluate  this  proposal.  Store: 
water  is  already  over-appropriated,  and  our  greatest  use  period  occurs 
during  the  period  of  storage  for  irrigation.  Also,  Pacific  Power  and  Licrt 
Company  reportedly  is  planning  on  reactivating  their  power  plant  which  wai; 
abandoned  in  the  late  1950's.  That  facility  use  I  15  cfs  when  available  fc 
power  generation. 

Several  people  have  suggested  that  with  a  combination  of  pumping  hatchery 
effluent  back  into  the  lake  during  storage  periods  and  delivering  it  to  tre 
landowners  during  the  irrigation  periods  we  could  locate  a  hatchery  below 
Wallowa  Lake.  We  would  be  returning  40  cfs  of  hatchery  water  a  day  for  c 
period  up  to  90  days  to  the  lake  and  are  concerned  about  possible  harmfu". 
effects  upon  the  ecology  of  Wallowa  Lake,  We  are  also  apprehensive  tha", 
water  averaging  54°F  would  be  available.  We  exoect  the  water  to  be  colce- 
than  desired.  Without  a  detailed  study,  we  cannot  recommend  locating  a 
hatchery  at  this  location. 

Reportedly,  local  people  would  not  be  reccotive  to  our  proposal,  and  withc-: 
local  support  and  willing  landowners,  we  or  the  Corps  would  not  try  to 
proceed  with  the  project. 

Recomr^endation:  No  further  sutdy  requested  at  this  time. 

Umatilla-Patterson.  Site  Nr..  5 

V   /    This  area  is  owned  by  the  Federal  Government  and  is  currently  uncer  lease  t" 
^''^  the  U.S.  Fish  and  Wildlife  Service,  who  manages  it  as  a  wildlife  refuge.  '.' 

is  located  adjacent  to  the  Columbia  River  between  the  towns  of  Boardman  arc 
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Irrlgon.  Robinson  and  Noble,  "groundwater  consultants,  concluded  that  there 
Is  good  potential  for  developing  20-50  cfs  with  water  tenperaturos  between 
50  to  62  F,  with  highest  temperatures  in  the  fall  and  lowest  temperatures  in 
the  spring. 

Recent  temperatures  from  two  existing  wells  show  temperatures  ranging  fro.T. 
59  to  62''F  in  the  sumT^er  and  fall.  The  only  other  data  available  show 
temperatures  of  59-60  F  througn  the  month  of  February. 

The  Corps  of  Engineers  believe  that  12  wells,  app-oximately  50'  deep,  located 
about  500'  apart  could  supply  40  cfs  of  water  at  an  estimated  cost  of  $1.6 
million. 

Hauling  distance  to  La  Grande  area  strearr.s  would  be  approximately  135  miles. 

Recommendation:  Study  program  should  be  initiated  this  spring  to  incubate 
summer  steelhead  eggs  and  rear  the  juveniles.  We  plan  to  rear  up  to  30,000 
steelhead  in  this  test  to  make  it  a  mini-proauctior  facility. 

Opal  Springs,  Site  No.  6 

This  site  is  on  the  Crooked  River  near  Madras.  The  Deschutes  Valley  Water 
District  has  a  rather  extensive  ooe'-ation-supDlying  domestic  water  fror. 
these  springs.  Water  temperature  is  excellent,  being  a  constant  54''F. 
Although  the  District's  initial  resoonse  to  our  inquiries  about  possibly 
using  tne  area  for  hatchery  aevelopmeni  was  not  top  encouraging,  subsequent 
contact  indicated  they  woula  allow  use  of  40  cfs. 

There  are  two  possible  sites  where  a  hatchery  could  be  built.  The  upper 
site  is  located  on  a  small  bencn  about  .5  miles  above  the  District's  facil- 
ities. Part  of  this  site  is  privately  owned,  the  remainder  is  BLM  property. 
The  lower  site  is  about  .75  mile  downstream  ana  is  privately  owned.  Both 
sites  are  about  350'  higher  than  the  river  level.  We  would  prefer  the  lower 
site  as  it  is  considerably  larger  and  could  be  expanaed  in  the  future  and 
access  is  easier. 

The  Corps  estimates  the  cost  of  developing  a  pumping  station  would  be  SI. 5 
million  and  annual  power  costs  would  be  S250.000.  A  power  generation  facil- 
ity could  be  built  for  an  additional  SI. 2  million  which  would  reduce  annual 
power  costs  to  $100,000. 

Juvenile  steelhead  would  have  to  be  hauled  approximately  290  miles  to  streams 
in  the  La  Grande  area. 

Recommendation:  No  further  study  reouested  at  this  time. 

CrooV.ed  River,  Site  No.  7 

The  site  is  several  miles  upstrear?  fron  the  Ooal  Springs  sites,  near  the 
Crooked  River  Ranch  Estates.  Tnis  property  belongs  to  the  Fish  and  Wildlife 
Department.  Our  agency  owns  approximately  120  acres  at  the  springs  and  also 
owns  10  acres  adjoining  and  extending  upstream  from  the  spring  area.  Also, 
we  have  special  use  permits  for  40  acres  of  BLM  land  and  40  acres  of  Forest 
Service  land  extending  downstrear  fror  the  springs  area. 

The  springs  flow  at  a  constant  5S~F  temperature  and  could  provide  ample 
water  for  a  hatchery.  However,  the  springs  are  widely  dispersed  and  would 


require  considerable  drill ing>and  pumping.  No  esticjates  of  costs  for  devel- 
opment or  operation  are  available,  but  likely  they  would  equal  or  exceed 
those  at  Opal  Springs.  Power  generation  could  not  be  used  to  offset  these 
costs  as  our  deed  requires  that  if  the  springs  are  developed,  the  water  must 
be  delivered  after  our  use  to  local  landowners  for  irrigation. 

Hauling  distance  for  young  steelhead  to  La  Grande  would  be  about  285  miles. 

Recommendation:  No  further  study  requested  at  this  time. 

Oak  Springs  Hatchery.  Site  No.  8 

This  facility  was  investigated  as  a  possible  way  to  rear  part  of  the  summer 
steelhead  production  for  the  Snake  River  Cor.pensation  program.  Several 
reasons  prompted  our  examination  of  this  facility.  We  knew  that  substantial 
numbers  of  fish  were  reared,  or  started  and  then  transferred,  for  use  in  the 
Willamette  Basin.  Our  thought  was  that  some  or  all  of  these  fish  could  be 
transferred  to  an  expanded  Willamette  facility. 

A  look  at  recent  records  indicated  that  Willamette  fish  constituted  43»  of 
numbers  and  25i  of  poundage  produced  at  Oak  Springs.  Because  so  many  fish, 
both  catchables  and  summer  steelhead,  were  started  at  differing  times  and 
moved  out  as  fry,  fingerlings,  smolts,  etc.,  we  could  not  determine  pre- 
cisely what  quantity  of  water  was  used  for  Willamette  fish. 

Estimates  are  that  a  total  of  30  cfs  of  spring  water  C54°F)  can  be  developed 
at  Oak  Springs,  and  that  we  are  currently  using  20  cfs  of  this.  The  esti- 
mate of  10  cfs  remaining  for  development  was  a  \Qry   subjective  one,  and 
hydrological  investigation  could  disclose  the  presence  of  considerably  more 
water. 

Hauling  distance  to  La  Grande  area  streams  is  about  205  miles. 

Recommendation:  Evaluate  potential  avai"'able  and  amount  used.  This  study 
needed  for  either  the  LSRCP  or  a  state  program. 

Hagerman  National  Fish  Hatchery,  Site  No.  9 

This  hatchery,  located  in  Idaho,  is  owned  and  operated  by  the  U.S.  Fish  and 
Wildlife  Service.  Tiie  facility  will  have  the  capability  of  rearina  300. OOC 
pounds  of  summer  steelhead  and  100,000  pounds  of  trout.   Idaho  has  consid- 
ered this  hatchery  for  rearing  a  portion  of  their  steelhead,  and  rearing  the 
remainder  at  the  Malad  site,  which  will  be  discussed  following  this  section. 
When  Idaho  has  firmed  up  their  summer  steelhead  program,  it  is  possible  that 
part  or  all  of  our  fish  could  be  reared  at  this  facility.  However,  there  is 
the  possibility  of  problems  with  IPN  and  IHN  at  hagerman.  We  feel  our 
pathologist  would  have  to  investigate  the  prevalence  of  these  viral  diseases 
before  we  would  consider  using  this  facility  and  transporting  fish  to  Oregon 
streams. 

If  we  were  to  select  Hagerman  for  rearing,  we  would  prefer  to  run  the  station, 
If  this  could  not  be  arranged,  we  would  want  a  contract  allowing  us  control 
over  rearing  procedures. 

Hagenr.an  is  located  about  285  miles  fror.  La  Grande. 
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Recommendation:  Evaluate  incflfence  of  virus  in  Hagerman  Valley  and  the 
effect  on  summer  steel  head  as  related  to  use  in  Oregon  streams. 

Malad,  Site  No.  10 

This  site  is  located  in  Idaho  near  Hagerman  Trojt  Hatchery  which  is  operated 
by  the  Idaho  Department  of  Fish  and  Game.  The  site  is  being  considered  by 
Idaho  for  rearing  part  of  their  summer  steel  head.  Initially,  they  believed 
they  would  be  able  to  develop  only  20  cfs  at  Malad.  Repent  investigations 
lead  them  to  believe  that  they  can  obtain  100  cfs  of  BQ^'F  water  capable  of 
rearing  600,000  pounds  of  summer  steel  head  by  their  standards.  As  mentioned 
under  the  Hagerman  National  Fish  Hatchery  section,  it  is  possible  that  all 
or  part  of  Oregon's  steelhead  could  be  reared  at  this  site.  Again,  we  would 
prefer  to  operate  the  facility  or,  at  the  very  least,  have  contractual 
control  over  fish  rearing  procedures. 

Malad  may  have  IPN  or  IHN  present  and  would  have  to  be  investigated  by  our 
pathologist. 

Malad  is  located  about  275  miles  from  La  Grande. 

Recommendation:  Same  as  for  Hagerman. 

Snioe  Creek,  Site  No.  11 


This  is  an  irrigation  project  proposed  by  the  Butter  Creek  Irrigation  Association. 
The  project  as  proposed  entails  a  130'  high  dam,  with  a  storage  ar-ea  of 
260,000  acre-feet  covering  an  area  of  4,400  surface  acres.  The  dam  site  is 
located  on  Snipe  Creek,  tributary  to  Camas  Creek,  John  Day  River,  about  6 
miles  north  of  the  town  of  Ukiah.  A  30'  high  dam  would  be  located  on  Camas 
Creek  to  divert  water  into  a  7-mile-long  canal  which  runs  into  the  proposed 
Snipe  Creek  Reservoir.  Storea  water  would  be  made  available  to  the  farmers 
via  Butter  Creek. 

ODFW  personnel  met  with  sponsors  of  the  proposed  project  and  Corps  represen- 
tatives on  October  18,  1979.  The  sponsors  invited  us  to  participate  finan- 
cially in  the  project  in  order  to  use  water  from  the  reservoir  for  a  summer 
steelhead  hatchery.  Even  if  the  project  was  viewed  favorably  by  our  depart- 
ment, we  have  serious  reservations  regarding  the  Quantity  and  quality  of 
water  available  from  the  proposed  project.  The  Northeast  Region  is  opposed 
to  the  project  because  of  possible  damage  to  the  fish  resources  of  the  John 
Day  River  system. 

Recommendation:  No  further  study  requested  at  this  time. 

Reuse  Hatcherv 

To  obtain  information  on  the  reuse  water  system  for  operating  a  hatchery,  we 
contacted  the  following  people:  Dick  Pressey,  formerly  with  the  Environmental 
and  Technical  Services  Division  of  NMFS  and  presently  a  consultant  with  UMA, 
Portland;  Laurie  Fowler,  U.S.  Fish  and  Wildlife  Service,  Abernathy,  Washington; 
Bob  Piper,  U.S.  Fish  and  Wildlife  Service,  Bozeman,  Montana;  David  Owsly, 
U.S.  Fish  and  Wildlife  Service.  Dworshak  Hatchery,  Idaho;  Elmo  Barney,  U.S. 
Fish  and  Wildlife  Service,  Sp'-ir.g  Cree^  Hatchery;  and  Ron  Goede,  Cooperative 
Fisheries  Unit,  Utah  State  Ur-ivercity  at  Logar..  We  briefly  reviewea  our 
investigations  of  sites  in  Oregon  and  laano  and  discussed  the  limitations  of 
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each.  We  requested  their  cancHd  comments  on  the  advantages  and  disadvan- 
tages of  going  to  a  reused  water  system. 

All  responded  that  the  only  time  it  would  be  advantageous  to  go  to  a  reuse 
system  would  be  when  there  was  absolutely  no  water  of  the  quantity  and 
quality  desired.  They  felt  that  a  reuse  syotetr  could  never  be  justified  or 
the  basis  of  economics  as  power  costs  tor  pumping,  chilling,  and  heating  are 
still  extremely  high.  For  example,  one  Utah  natcnery  of  100,000  pounds 
production  capability  has  an  annual  power  bill  of  $50,000. 

Most  of  those  interviewed  felt  that  a  frequent  cause  of  problems  was  the 
filtration  system.  These  ranged  from  a  "wearing  out"  or  breakdown  of  the 
filtering  medium  itself  to  maintaining  aaequate  bacteria  for  nitroficatior. 
Apparently,  the  bacteria  are  extreme'iy  susceptib"ie  to  temperature  and  oxyger. 
changes.  "In  addition  to  filtration,  it  may  also  oe  necessary  to  have  an 
ultraviolet  system  to  sterilize  tne  water  if  diseases  are  present  or  are 
Inadvertantly  introduced. 

Without  exception,  all  of  those  interviewed  enaorsed  our  recommendation  for 
a  pilot  study  at  Umatilla-Patterson.  They  felt  that  the  temperature  ranee 
of  59-62  F  was  not  a  major  problerr.,  and  several  cited  experience  of  success- 
fully rearing  rainbow/steel  head  at  even  higner  temperatures. 

We  recommend  no  further  investigation  of  tne  reuse  system  at  this  time. 

Recommendatiors 

After  reviewing  available  information  on  11  potential  hatchery  sites  and 
possible  use  of  a  reuse  water  supply,  we  reccmmenc  the  following: 

1.  Initiate  a  pilot  hatchery  study  at  the  Umatilla-Patterson  site.  This 
should  be  done  as  soon  as  possible  and  snould  include  both  incubation 
(chilled  water)  and  rearinc.  The  Corps  views  this  proposal  with  favo- 
and  has  money  available  for  funding. 

2.  Conduct  a  study  at  Oak  Sn-ings  to  determine  potential  water  developmert 
and  amount  currently  beinc  used.  It  is  possible  this  facility  could 
rear  one-third  our  require:!  oroduction.  Also,  it  should  be  investigate: 
for  possible  future  expansion  even  if  not  used  for  this  program. 

3.  Our  pathologist  should  conauct  an  investigation  to  evaluate  the  inci- 
dence of  viral  diseases  in  haqerman  Valley  and  the  effect  on  summer 
steelhead.  /snr-f.,  I'^JUd '■^^^•'     ~' 
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Task  4.1.2:     Identify  additionsil  water  supplies  at  existing 
hatcheries  for  increased  production. 

A  precursory  survey  was  conducted  of  existing  Columbia  Basin  fish 
hatcheries  to  determine  the  availability  of  additional  water  supplies  which 
would  allow  expansion  and  increased  fish  production.     This  expansion  could 
potentially  be  used  for  compensation  of  fish  passage  losses  at  Columbia  River 
dams.     Hatchery  water  supplies  with  potential  for  micro- hydroelectric 
generation  were  also  documented.     The  task  was  accomplished  through 
interviewing  personnel  of  the  fishery  agencies  operating  the  various 
hatcheries.     Table  1  provides  the  qualitative  results  of  the  survey. 

The  sites  where  additional  water  supplies  are  available  should  be 
examined  in  a  comprehensive  research  investigation.     Exact  amounts  and 
periods  of  availability  of  water  should  be  determined.     Water  quality  and 
limiting  factors  should  be  evaluated.     Design  of  facilities  for  expansion  at 
each  site  should  be  developed  and  the  numbers,  pounds,  and  species  of  fish 
to  be  reared  determined. 

Recommendation :     That  the  Power  Planning  Council  include  in  its  Fish  and 
Wildlife  Program  a  detailed,  comprehensive  survey  of  existing  hatcheries 
utilizing  power  revenues  to  determine  each's  potential  for  expansion. 
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Tn.ble  1.     Survey  of  Columbia  Basin  Fish  Hatcheries'  Water  Supplies 
for  Possible  Expansion  in  Fish  Production  and  for  Power 
Generation 


Agency       Hatchery 


USFWS 


Water  Source 


WDG 


WDF 


Ground  1 

^ater 

River  Water 

Abernathy 

No 

No 

Carson 

Yes 

1/ 

Yes  1/ 

Dworshak 

No 

Yes  1/ 

Eagle  Creek 

No 

No 

Entiat 

No 

Yes 

Hagerman 

No 

No 

Kooskia 

No 

No 

Leavenworth 

No 

Yes 

Little  White  Salmon 

Yes 

Yes  3/  4 

Spring  Creek 

No 

No    "    " 

Warm  Springs 

No 

Yes 

Willard 

No 

No 

Winthrop 

Yes 

Yes 

Beaver  Creek 

No 

No 

Chelan 

No 

No 

Cowlitz  Trout 

No 

Yes  6/ 

Goldendale 

Yes 

3/ 

No 

Mossyrock 

No 

Yes  6/ 

Naches 

Yes 

No 

Ringold  Trout 

Yes  7/ 

No 

Skamania 

No 

No 

Tucannon 

No 

Yes 

Vancouver 

No 

No 

Wells 

No 

No 

Yakamia 

No 

No 

Cowlitz  Salmon 

No 

Yes  6/ 

Elokomin 

No 

No     ~ 

Grays  River 

No 

No 

Kalama  Falls 

No 

No 

Klickitat 

Yes 

Yes 

Lewis  River 

Yes 

9/ 

Yes  2/ 

Lower  Kalama 

No 

No 

Priest  Rapids 

No 

No 

Ringold  Salmon 

Yes 

7/ 

No 

Rocky  Reach 

No 

No 

Speelyai 

No 

No 

Toutle 

-     10/ 

- 

Washougal 

No 

No 

Wells  Salmon 

No 

No 

4/ 


Power  Potential 

Hydroelectric 

No 
No 
No 

Yes 

No 

No 

No 

No 

Yes 

No  5/ 

No 

Yes 

No 

No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 

Yes 

No 

No 

No 

Yes  8/ 

No 

No 

No 

No 

No 

No 

Yes 
No 
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Agency     Hatchery 

\ 

Water 

Source 

Power  Potential 

Ground 

Water 

River  Water 

Hydroelectric 

ODFW        Big  Creek 

No 

Yes 

3/ 

No 

Bonneville 

No 

No 

No 

Cascada 

Yes 

11/ 

No 

No 

Clackamas 

No 

Yes 

6/ 

No 

Gnat  Creek 

No 

No 

No 

Klaskanine 

No 

No 

No 

Leaburg 

No 

Yes 

4/ 

No 

Marion  Forks 

No 

No 

No 

McKenzie 

No 

Yes 

4/ 

No 

Oakridge 

No 

No 

No 

Oak  Springs 

Yes 

No 

No 

Oxbow 

No 

No 

No 

Roaring  River 

No 

No 

No 

Round  Butte 

No 

Yes 

6/ 

No 

Seindy 

No 

No 

No 

South  Santiam 

No 

Yes  4/ 

No 

Wallowa 

No 

No 

No 

Wahkeena  Pond 

No 

Yes 

12/ 

No 

Wizard  Falls 

Yes 

6/ 

No 

No 

IDFG         American  Falls 

No 

No 

No 

Crystal  Springs 

Yes 

No 

No 

Eagle 

No 

No 

No 

Hagerman 

Yes 

No 

No 

Hayden  Creek 

No 

Yes 

13/ 

No 

Mackay 

No 

No 

No 

McCall 

No 

Yes 

4/ 

No 

Mullen 

Yes  11/ 

No 

No 

Niagara  Springs 

No 

No 

No 

Pahsimeroi 

Yes 

1/ 

Yes 

1/   3/ 

No 

Rapid  River 

No 

No 

No 

Sand  Point 

No 

Yes 

No 

k 
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1/  Li'nited  amounts 

2/  Would  require  purchase  of  additional  land 

3/  Seasonal  only 

4/  Requires  additional  water  right 

5/  No  hydroelectric  but  wind-generated  electricity  is  being  investigated 

6/  Disease  or  temperature  problems 

7/  Being  considered  by  both  WDF  and  WDG 

8/  Huda  D.C.  generator  attached  to  water  supply  in  the  past 

9/  High  in  iron 

10/  Currently  not  in  operation  due  to  eruption  of  Mt.   St.   Helens 

11/  Pending  study 

12/  Not  currently  being  used  due  to  lack  of  funding 

13/  Currently  operated  at  less  than  capacity  for  existing  water  supply 
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MEMORANDUM 

TO:    Bill  Hopley,  Salmon  Culture  Division 
Department  of  Fisheries 

FROM:   Jim  Gearheard,  Fisheries  Management  Division  -^-y..' 
Department  of  Game  '  >  ' 

With  regard  to  artificial  production  of  anadromous  game  fish  relative  to 

the  Northwest  Power  Bill  I  would  like  to  list  the  following  possible  projects: 

1.  Restoration  of  steelhead  to  suitable  areas  above  Chief  Joseph 
Dam:  There  is  potential  with  present  technology  to  provide  steel- 
head  adults  to  streams  such  as  the  Spokane  River,  San  Poil  River, 
Pend  Orielle  River,  Kettle  River,  Colville  River,  Deep  Creek  and 
Big  Sheep  Creek.  The  Department  of  Game  has  a  hatchery  site  at 
Waikiki  Springs  in  Spokane  with  sufficient  water  to  rear  400,000 

to  500,000  steelhead  smolts  annually.  The  smolts  could  be  trucked  ■ 
to  an  acclimation  pond  near  Chief  Joseph  Dam  and  released  to  the 
Columbia  River.  Returning  adults  would  be  collected  at  the  acclima- 
tion pond  site  and  trucked  to  the  streams  where  they  could  provide 
a  sport  fishery  as  well  as  possibly  an  Indian  fishery.  Some  adults 
would  be  retained  to  provide  eggs  for  the  program. 

2.  Expansion  of  Ringold  Rearing  Pond:  Potential  exists  to  re- 
construct the  water  system  and  rearing  pond  to  rear  an  additional 
100,000  smolts. 

3.  Expansion  of  Goldendale  Hatchery:  There  is  potential  here  to 
rear  a  150,000  smolt  program  for  the  Klickitat  River. 

4.  Ellsworth  Springs  Hatchery.  This  potential  hatchery  site  could 
be  developed  to  provide  fry  for  lower  Columbia  River  steelhead  rear- 
ing programs. 

5.  Lewis  River  Rearing  Ponds:  A  site  has  been  identified  near  the 
Lewis  River  which  could  be  used  to  rear  steelhead  smolts. 

I  JG:la 

?  cc:  Fred  Holm 


f: 


Jim  DeShazo 

John  Hisatd  609 

Bruce  Crawford 

Gary  Fenton  ^  .  , 


Tnsk  4.1.3:     Prioritize  potential  hatchery  sites  based  on  water 

quantity  and  quality,   species  need,  and  management 
considerations. 

Introduction:     Considerable  effort  has  been  expended  in  recent  years  on 
selection  of  hatchery  sites  for  various  projects  such  as  the  Lower  Snake  River 
Fish  and  Wildlife  Compensation  Plan  (LSRCP)  and  Washington  State's  Salmon 
Enhancement  Program.     Site  selection  is  often  based  solely  on  availability  of 
adequate  water  of  acceptable  quality  and  this  criterion  is,  of  course,  basic  to 
hatchery  success.     There  are,  however,  increasing  restrictions  on  the  utility 
of  any  potential  hatchery  site  including  excessive  operating  costs,   pumping 
costs,  transportation  costs,  harvest  management  requirements,  construction 
costs,   competing  water  users,   and  species  distribution  requirements.     The 
situation  becomes  more  complex  when  site  selection  must  meet  requirements  of 
several  managing  authorities  such  as  could  be  expected  with  mitigation  and 
compensation  efforts  throughout  the  Columbia  River  Basin.     For  example,  site 
selection  for  LSRCP  hatcheries  was  based  on  very  specific  species  and 
distribution  requirements  to  replace  fish  in  the  area  and  to  the  degree 
affected  by  water  project  construction.     In  this  instance  the  basic 
requirement  for  quantities  of  quality  water  was  further  constrained  by 
specific  location  and  application  requirements.     The  LSRCP  approach  might  be 
considered  an  example  of  the  approach  to  be  expected  in  Columbia  River 
compensation  and  mitigation  under  the  Power  Act. 

For  the  purpose  of  meeting  hatchery  compensation  objectives  within  the 
scope  of  the  Power  Act  it  will  be  necessary  to  develop  a  prioritizing  system 
by  which  to  select  appropriate  hatchery  sites  from  those  identified  through 
4.1.1.     The  selection  would  be  based  on  mitigation  and  compensation 
requirements,  harvest  management  requirements,   species  distribution 
requirements,   water  quantity,   and  water  quality.     This  prioritizing  system 
must  be  broad  enough  to  encompass  all  agencies  and  groups  affected  under 
the  umbrella  of  the  4(h)  provisions  of  the  Power  Act. 

Status:     Each  state,   federal,  and  Indian  fisheries  managing  authority  has 
in-house  priorities  by  which  site  selection  decision  is  made  including 
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biological,  management,  and  political  considerations.     These  agency  priorities, 
however,  are  not  necessarily  of  general  acceptability  to  other  agencies     which 
has  its  own  varying  goals,  objectives,  and  requirements.     Several  documents 
exist  setting  out  criteria  for  hatchery  site  selection.     Coverage  ranges  from 
discussion  of  generalized  principles  of  species  distribution  such  as  found  in 
LSRCP  documents  (1)  to  specific  biological  requirements  as  presented  in  the 
Mid-Columbia  River  study  (2).     A  myriad  of  research  papers  could  be 
assembled  addressing  water  quality  requirements,  toxicity  levels,  etc., 
possibly  with  both  general  agreement  for  some  species  requirements  and  wide 
ranging  disagreement  for  other  requirements.     At  present,  no  approach  for 
prioritizing  hatchery  site  selection  has  been  developed  that  would  be  broad 
enough  in  scope  to  address  a  comprehensive  hatchery  development  program 
under  the  Power  Act. 

Needed  Research:     Because  no  broad  concensus  has  been  established  among 
aU  participating  parties  at  either  the  level  of  species-specific  biological 
requirements  in  the  hatchery,  or  the  objectives  that  hatcheries  are  to  fulfill 
under  the  auspices  of  the  Power  Act,  a  study  with  the  following  objectives 
must  be  initiated: 

A.  Establish  the  set  of  management  objectives  to  be  met  by  artificial 
production  techniques  including  priorities  for  reaching  these  objectives. 

B.  Establish  a  set  of  species- specific  biological  criteria  necessary  to 
artificial  production  of  anadromous  fish  (salmon  and  trout  species). 

C.  Establish  guidelines  for  reasonable  limits  of  expenditure  to  be  made  in 
reaching  objectives  under  A. 

D.  Establish  a  decision-making  process  by  which  a  proposed  hatchery  site 
can  be  properly  evaluated  for  its  potential  in  meeting  management  and 
compensation-mitigation  priorities  set  out  in  A,  biological  criteria  set  out 

,•  in  B ,  reasonable  economic  constraints  set  out  in  C ,  and  legal 
requirements  of  various  user  groups. 
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Anticipated  Results:     The  product  resulting  from  this  study  would  be  a  set  of 
biological  and  economic  criteria  for  artificial  production  facilities,  a  prioritized 
set  of  objectives  to  be  met  by  use  of  artificial  production  facilities,  and  a 
decision  system  by  which  to  judge  the  viability  of  a  proposed  hatchery  site 
and  its  applicability  in  meeting  compensation-mitigation  objectives  under  4(h) 
and  management  requirements.     A  decision  team  would  also  be  established  with 
responsibility  for  developing  the  priority  system  and  exercising  the  decision 
process. 

Scope  of  Work;     Study  objectives  A  through  D  would  best  be  accomplished  by 
assigning  two  different  work  teams.     Team  No.   1  should  address 
recommendation  A  which  deals  with  long-term  objectives  to  be  met  through 
hatchery  production.     This  team  would  be  made  up  of  agency  management 
interests,  for  example,  the  Columbia  River  Basin  Fishery  Technical  Committee 
of  the  Columbia  River  Fisheries  Council  or  a  committee  with  expertise  similar 
to  that  contained  in  the  Tech  Committee. 

Recommendations  B  through  D  should  be  assigned  to  a  second  work  team 
haAang  expertise  in  salmonid  fish  culture  similar  to  that  contained  in  the 
Artificial  Production  Committee  of  the  Columbia  River  Fisheries  Council.     This 
group  would  have  responsibility  for  developing  biological  and  economic  criteria 
as  well  as  implementing  the  prioritizing  system  for  site  selection.     Team  No.   1 
above,  would  provide  the  results  of  their  efforts  to  Team  No.  2  in  the  form 
of  directions  to  meet  long-term  compensation-mitigation  and  fishery  mangement 
goals. 

Specific  activities  are  outlined  below  with  the  caveat  that  this  outline 
probably  does  not  cover  all  topics  of  concern. 

I.  Funding  proposal  developed  by  a  fishery  administrative  committee  or 
appointee  and  presented  to  Bonneville  Power  Administration-Power 
Planning  Council. 

II.  Power  Planning  Council  sanctions  and  funds  objectives  A  through  D. 
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III.  Fishery  Administrative  Committee  assigns  two  working  teams  with 
appropriate  expertise. 

IV.  Team  No.  1  performs: 

1.  Production  requirements  and  objectives 

a.  Levels  of  production  necessary  to  meet  requirements. 

b.  Species-specific  production  levels. 

c.  Geographical  distribution  of  production  by  species. 

d.  Develop  priority  for  production  by  species  and  by  geographical 
area;  which  production  objectives  are  to  be  met  first,  second, 
etc. 

e.  Harvest  management  requirements. 

2.  Provide  priority  directions  for  meeting  objectives  to  Team  No.  2. 

V.  Team  No.  2  performs: 

Objective  B  -  Establish  biological  criteria  for  hatcheries. 

1.  Water  quantity  by  species 

a.  Loading. 

b .  Density . 

2.  Water  quality  by  species 

a.  Temperature  ranges. 

b.  Dissolved  gas  levels. 

c.  Toxicant  levels. 

3.  Brood  stock  requirements 
a.       Genetic  restrictions. 
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i.        stock  transfers. 

ii.       spawning  populations. 

4.  Species  interactions 

a.  Intra-species. 

b.  Inter-species. 

5.  Habitat  limitations 
a.       OPl 

Comment:     A  set  of  water  quality  criteria  is  attached  that  can  be 
used  as  an  example  of  required  information. 

Objective  C  -  Economic  criteria 

1.       Cost  criteria. 

a.  Energy  costs. 

i.        Limit  pumping  use. 

a)  maximum  expenditure 

b)  maximum  percent  of  O&M  costs. 

ii.      Disallow  pumping. 

b.  Construction  costs. 

i.        Accessibility  of  site, 
ii.       Maximum  capital  cost. 

c.  O&M  Costs 

i.        Labor  intensive  facility. 
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ii.      Water  treatment. 

a)  Source. 

b)  Recirculate. 

c)  Multiple  pass 

iii.     Transportation. 

a)  Deliveries. 

i)       Fuel 
ii)       Feed 

b)  Fish  transport. 

i)       Off-station  plants. 
ii)      Transfer  to  satellites 

iv.     Heating-cooling  of  facilities. 

2.       Benefit-cost  criteria 

a.  Must  B:C  exceed  1:1? 

b.  What  is  acceptable  or  rational  ()  B:C  ratio?     Establish. 

Comment:     A  detailed  listing  of  considerations  of  hatchery  sites  is 
attached. 

Objective  D  -  Decision  System 

1.       Team  No.   2  is  to  develop  a  decision  system  to  test  the  potential  of 
a  proposed  site  to  meet  Team  No.   1  production  and  management 
priorities,   giving  proper  weight  to  biological  factors  while  meeting 
minimum  economic  responsibilities. 
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VI.     Selected  hatchery  sites  processed  through  Tasks  under  Subobjective  4.2 
and  Power  Planning  Council. 


Recommendation :     That  the  Power  Planning  Council  include  in  its  Fish  and 
Wildlife  Program  a  study  funded  by  power  revenues  to  determine  criteria  for 
artificial  production  facilities  required  for  compensation  of  unavoidable  power 
related  fishery  losses. 
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Attachments 
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HATCHERY  SITE  INVESTIGATION  REPORT  OUTLINE 

I.  General  Description 

A.  Geographic  Area 

1.  Site  Location 

2.  Release  Location 

3.  Fishery  Location 
A.   Soil  Types 

B.  Proximity  to  Services 

C.  Proximity  to  Urban  and  Industral  Development 

D.  Natural  Elements 

E.  Relationship  to  Existing  Facilities 

F.  Political  Requirements 

G.  P-R  Requirements 

H.  Reduce  Natural  Mortalities  (Pollution,  Predators) 

II .  Water 

A.  Fresh  or  Salt 

B.  Gravity 

C.  Pump 

D.  Source 

1.  Well  Water 

2.  River  Water 

3.  Spring  Water 

E.  Quality 

1.  Test 

2.  Presence  of  Aquatic  Life 

F.  Quantity 

1.  High  Flow 

2.  Lov  Flov 

G.  Temperature  .  ^ 


III.   Pacilltles 

A.   Incubation 

1.  Species 

2.  Numbers 

3.  Water 

a.  Quality 

b.  Quantity 

c.  Controlled  Temperature 
A.   Type  of  Units 

5.  Disease  Controls 

B.  Searing 

1.  Species 

2.  Numbers 

3.  Size 

4.  Water 

C.  Pond 

1.  Number  of  Units 

2.  Type  and  Size 

t.      Feed  and  Feeding  Procedures 

E.  Effluent 

F.  Disease  Control 

G.  Release 

1.  Species 

2.  Time 

3.  Size 

4.  Location 

5.  Fish  Quality 


~  "■  .7  <%'* 
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6.   Fish  Quantity 
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7.  Environmental  Condition 

8.  Method  of  Release 

9.  Interaction  with  Other  Species  and  Natural  Stocks 
H.  Adult  Trapping 

1.  T3rpe 

a.  Gaffing 

b.  River  Barrier  and  Trap 

c.  River  Barrier  and  Diversion  Fishway 

d.  River  Barrier  and  Effluent 

e.  Effluent  Only 

f.  Barrier  and  Seining 

g.  Fishway  Trap  with  Hauling 

2.  Holding  Facilities 

a.  Water  Quality 

b.  Water  Quantity 

c.  Pond  Type 

(1)  Earthen 

(2)  Concrete 

(3)  Automated 
I.   Equipment 

1.  Housing  and  Services 

2.  Hatchery  or  Building 

3.  Freezers 

4.  Auxiliary  Standby  Generator  Yes  or  No 

5.  Shop 

6.  Storage 

7.  Feeders 

8.  Trucks 
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9.   Tools 

10.  Screens  (Pond) 

a.  Flat 

b.  Powered 

(1)  Belt 

(2)  Drum 

11 .  Intake 

12.  Supportive  Equipment 
IV.   Ownership  and  Costs 

A.  Land 

1.  Quantity 

2.  Purchase  Cost-Future  Value 

3.  Development  Costs 

B.  Facility  Development  Costs 

C.  Facility  Cost  -  Benefit  Ratio 

D.  Labor  Requirements 

V.   Production  Recommendations  and  Potentials. 

A.  Refer  to  Table  on  Smolt  Production 

B.  Fishery(ies)  to  Serve 

C.  Species  and  Species  Interaction  (Biological  &  Political) 

D.  Magnitude  of  Contribution 

E.  Optimize  Natural  and  Eatchery  Harvest 
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Lower  bnaxe  Kiver  tisn  ana  wiiaiire   conr.pensation   Man, 

Design   Memorandum  No.    1.       Fish   FacLlitie^   :.ite   SeJection 

Report.    U.S.    Army  Corps   of    Engineers,    Walla    Walla    District, 
November,    1977. 

Sr.CTION  4   -   SITi:   Sr.UCTION  CRITHUN 


i;i  SIRA! 


:i.       Uk>   general     loc.it  ions   of   The   h.:ri  hrrv    in.!   rr. -^o,  iriTf  .:    t;i.  i 
should    In-   h.isetl  on   tlic  species  o1    fish  To  lu-  compo'i  >rir  ed  and  t ' '•   ^t  "■ 
are."  of   liieir  origin.      Tl:e  gcnTal    are.i   w:.--if    fisti    lo -m--     h.TVc   '^rcp 
by   the   l.ower   Snake   River  I'roi ect  .    :tvd   »tie  m.ip.nitudf  or    these    Josse    . 
shOKT)  O'.    I.il>le   J   oi    Ap|ien(!i>    \  o:    T;  i  •   ri-r---         '\r-v    (-.''ini;''-      •  '  •" 
hy   tl)<    (oliun*ir.i    b.i^in    Sisheri,-      iei   «n'..ii    i.omnn'Te  F. •"''''  r  r  for' 

shoulil    I'"     HM.U    to    loc.it'^   the   h.-iT;T,"' .    f:.-.  i  i  .'  ; '.       ,•         .o,e   T       -.''•' 
pO'^siMi         KM'   .1    t  1  st^    h;!tclie'..  .     i*     i  ••   «. -o.ertT  ;  •!    ic  ()••.  m.   .jh   jj.-.  i. 
supply  ot    acicptahle  qu.ilitv,   and   nccause  ot   tne   i.'irtt    auanti*^'    o'   \, 
nccdoc. ,     in    .1^  !o-'    "T    j    siiit.i'':'     w.!"'-'        ■;;:     •■     i        :    r.  •wtr.:."       ' 

selection.  in  niucn  of  the  area  bein.i  con.>Jdereo  ic.  ..  '.imi  .•i:Jtw;K'- 
tion,  particular;\  in  Idaho,  tnere  i '^  comnttiticn  nifi  ia'.','-  conuneiv 
fish-reanng  operations. 


•  1 1  i  es 
t  ,;r. 

ui'luted 
!  - 


lO       l- 


h.  Smct  land  acquisition  for  tiu-  Jish  t  om.ic!:--.  T '(i:i  I'Il: 
willing,  nuyer-wil  Imp.  sellci  basir.  !;:!tcnery  and  sjiTel.ne  site  = 
be    located   on   I).  -.    Government -owiie J    lami    .t    nc'-sji  !■  irii    '■■iir 

located    in   tlu    lower  elevations  wne'i    ica^.tiie   in   or:if  •    to  avr. 
wcntluM-  condiT  lOi!:^ .      Tiiey   shoiilii   m     I'.r.nteJ  outsicu       •    tne    ':'■■  •■ 
plan,  n*    tht    adiaccnt    river  or  strca:!.      hor  ye3r-;.rjaii, 
hniiliiu'.    v.:- 1  tors,    and   suppliers   i.i    i  eeci   anj    '  n'.  .    k 
should    In     locateti   neai    paved   st.iti    hipiiwri-^    r-i    >or.r«-     ; 
limited  acces:    read'    t'     tht    i-it.':'  ■>.     it'-       '.  -i   . 

inj; ,    hitvli    n  C"-    '-houid   be    huntiv.    w!"  •'.   ri'>^     :':•:■       i'"    "' 
whei'i    tlu     fisi;    V,  •  i  \    hr   col'.OvtcJ    mv.    :ti<     -c.  .  ■ 

hv  me. II''    .M    1  i  •.!■    i.iilJi.!-    diriAti-     •>»v..   ;  i  -.     :.,',. 


1=   on   ,■ 
sr.;.;ii  • 

SJlOUl:: 

ad'.  •  '  -' 
(.';-^   ''id',- 
aicc  ^-    :'i'    *  ;  ■  r 
' ,        * '  '.    f.Tt ,  p.c  r 
.lit      re    ii-^!";'   f  ' 

*   1     i  ;  T-    ■     ♦" ,  ^  •     I  , , 

'  t  re'  "      '■"'    '^ !  \''. 

;i  I.:    •.       ...  ^^r•-^:  1  - 


1  e- 


'■■X: 


ll.'Kexer      t'e:    Pi.m\    •■>»'  ■*  •       I;  .-I'.lv-    '•         * '"•    r 

it   will    no'    be  possible  to  have  a   direct    hati^iicrs    r* 

Theretere,    in  order  to  maintain  .'    fishcr->    navinr   ai.. 

ticuk.r  sTr-'-aiii.    adi;lt    f  i  sn  mut  -•     -ripncv    ;>'.   t;.'    -^  i 


;r'    (>;    n.;    rat  :  ni;   adults 
Tie'-   unic'jc  :  ■    ;i   p.-^r- 
'•'.r'    t'.-r   .-riawnir.c  n.;: - 


poses.      To  do   this,    satellite   fac.l it.c 
which   f I  s;i    run-    arc   tv    b(-  niainta:nej   t;- 
adults.     Ihc    faciiities   shoulc!   pc    Jvvateci   'iiur 
natural    spaKninp   beds  are  dowTistrear    ot   thr   f:; 
reduce  costs   as   the  design   flow  of  tne  hnrriei 
downstream   locations. 


m.ist    ri.    nro'side.!  ori  f 


strean-'    m 


iDv.   trap:;:!' 
dar    •.-.  . 


'  :    ur>srr'. .ir   r.ii'rat  ir.j; 
n.i  ler    '-'-rt  i'^"'   or    The 
noss  It'll  .        !>,;  '■    kill 
'■!"   smai  i  er   tirin 


cor,'- 


*   OPS,   r '■ 

'lied    ti>    *  ■ 
'I'  v\ n i  J : 


e   s  a  t  e  i  i  1  T  e 
tfii.    wi  1 ; 


d.       In    sotre    hat  ebe^ -s::t  (  i  !  ; :  r    f.j.  i  • 
return  directly   to  the  natciiery.    bat    smoit:-   wiii    in    - 
facility    to  acclimate   therr.   to   t  tit    a^ijceiit      TrfMr    \..r. 
be  subsequently   released.      These   satellite  facilitje- 
earthen   holding;   pond'^.      lor   thi'^    comb i ii.it  loa.    tf-    i   .• 

facilities  need  to  be  as  close  a^   possible  to  redLivC   trnr.sport    distance. 
On  all    satellite   location.s.   prefcrenci'  uiil    be  pive-   *      'ite-  wiere  ^iravity 
.-'i'^in   iiiiif)^  rt'xdw    '■' 


norr.il  ly  be  only 
a'l'.:    --'.♦  el  i  i  Tt- 


G?2 


':^^-K:^H' 


^•*K»^*-'^-  '^^''^^' 


water  flow  can  he  used.      This   is  desirable  to  reduce  opcratinj;  costs  and 
conserve  energy.      In  some  cases  ttn-se   satellite  stations  are  remote  and 
no  commercial    power   is    ivailabt-.- 

e.      Finally,    in  comparing  alternative  hatchery  and   satellite 
facilities,    economic    inJ  environment  .1    fjctors  w;  I)    be  considered.      How-  -"iv.  r.n 

ever,    based  on  experience-   ;o  uate,    finding  aUequaie,    available  sites   for  p.M :  i  -i    m      :-. 

the  necessary  compensation  requi  reiuvi  t  s    t  >  oi   real    concern.  .ilteniit  n. 

M>  Idl  I  te  :i>;en. 

4.02.      WATLR  SIFPL^  <'*   ^'"     '""•'• 

of  ex'-vtiiu-   K 

J.       liie   source  ot    water    ;"!    a    r.aconery   can   be   -urtace  water,  1'-';"" 

ground  uater   pumped   from  well-,    a    -tiniii;.    or  a   comb  i  rat  ion.      Surface  vi   i:ii    .>!'.:• 

water    is   normally  the    leait   desirahie  because  of  temperature   fluctuations  ttieir  i;emMjj 

and  the  higher  possibility  of  becoming  contaminated.      Because  of  the  ^^*^*-'   '"   lucii 

problems  with  hatcheries  where  watei    is   recycled,    single  pass   hatcheries  •^""^''^  '*'     '■'-'  ' 

are  much  preferred.      Ttus  means  thai   the  proposed  hatctteries  will   have 
very  high  water  requirements,    in   -oine  cases    in  excess  of  100  cfs. 
Deiermininc    it   adequate   ground-wate;      :!Ui))>    .s   available  to  \  ield  these 
flow    levels    is   expen'^ive  and  time  ron-.uming. 

h.     To  use  surface  water,   with  the  possible  exception  of  lakes. 
normally   requires   both   neating  anu   cuv^umg.      J  or  the  flows   required   for 
a  single  pass  hatcnery,    this    is    uiteasible  because  of  the  high  energy 
requirement.!  and  operating  costs. 

There  are   large  spring',-    m   south  central    Idaho  which  yield 
sufficient   qu;uitities  of  water,      iiowever.    this  water   is   already  appro- 
priated.      In  many  cases    it    is   bein?   iiseci   for  fish  hatchery  purposes. 
lilt.'   largest   springs   art    in   the  viv..;i.;y  of  the   bripgs   hprm^.s   site    (see 
Hlate    il.      This  water  appears   to   be  uniformly   58  degrees   Fahrenheit  which 
IS   suitable    for   a    steelhead   hatc'-a  r 

u.      It    is   for  the  reasons  cited  above  that   locating  a  suitable 
w.iter   Mipply  was    identified  as   a  iiunor   'cstramt   on   site  selection. 

4    i ; .- .      WAILR  QUAl.T-n   RhQUTRCMrMS 

u>  rioral   water  quality  pararcter'^    and    limits   for   fish  hatchery 
operation   have  been   established   i  l.ioci'ii  research   studies  and  actual 
hatchery  operation.      The  maior  t  on^  i  (';  rat  ions    include  temperature,    dis- 
solvtHl  oxygen,    pM,    and  presence  ot"  iiisease  organisms  or  toxic   substances, 
water   temperature  at    certain   t  ini:      ..t    the  vear    i  •-   a    limiting  factor   in  I 

most    streams.      The    ideal   hatcherv   -'te  w(miI»I   have  a   sufficient   quantity 
of  watei    of   a    limited    tcmpi-raturt     ranre   to  pii'diu  e  optimum  growth   of   fish 
and   bi-   witliin   tlu-    liniiis   ot    t)t  ht  '    wn.r    qualitv   criteria.      rreliniinary 
water  quality    investigations  wet «    d.ii!  •   at    each  (»(    :hv   sites   preseiititl    in  i 

thi^    r«port    and   each   site  wav   avicitt.iM,    within    the    limits  of  tlie  para-  * 

metiT'-    tistfd.       A    fi;!  I    wat-  r  «iu    .' i  ?  \     .ni|\'  i--   kiH    be  made,    however,  ' 

before    det.iiled   ilesign   ot    a    sitt        .    ••<,>miii.       li     iv    possible   that    so«e 
criteria  may  not    be  met    during  tfii'    ana 'y.. is  which  would  necessitate 
choosin;-,   an    alternate    s  1 1 1>  v\!<  •    i    v..<,iil    ••,    di-^  ^  i  iIh'cj    hi   .i    suppliraent    to 
this   report  . 


i 


^      ,     e?3 


i 


t 


fROi^fcs^^drCoXujnbia  RiYer.  StJUKiy.    i^arlt_4^     na-pcnery  ijxtxng  ^uivey.  . ; xa 

*■•    '  '    FrecJeriksen ,    Kamine   and  Associates,    Inc.    Chelan   Co.    PUD,    Dougl^^'g "  ^ 
Co.    PUD,    Grant    Co.    PUD.      March,    1981. 

TABLE  1 

^lATCHERY  SITING  CRITEPJA  USED  AC  A  GUIDC 
IN  LISriNG  FISH  CULTURE  UNITS  FOR  THE  MID-COLLF!BIA  AREA 


Criteria 


F>all  tiatcnery  Complex 


Satellite 


Taiperatur e  (  *  F ! 

Aduli  h^ldir.-  '     - 

Incubation 

Newly  pond  fry 

Oiinock  rearmc:  acie   "C 

Suimer  tatperat-ure 

Winter  terperarurc 

Steeihead  snoltification 
Water  Valune   (Mininum? 

Incubation 

Rearing  at  snoltificaiior-i 

SuniTEr/winte: 
W&ter  Aendstry 
Pathology 

QMt 

Capital  Cost 
06M 


Beio*    5t;  IT 

iat-er 

sr.A9e - 

Sa-Tf 

42-r- 

SrBTlt- 

44-6C 

Sa-TP 

48--. ' 

Sa^- 

Less  tna.':  6' 

SaiTK- 

Above   J  ^ 

SariK^ 

Beio*'  bZ 

Sane- 

1    Cfs    '450  qrr  ; 

10  cfF    '.4SDr:  asr.) 

Less  could  r>e  avail-irl-.-> 

FK  used  Tablp  2  as  a  guide 

FV  usei  the  rainua!   try 


As  a  cTJide  FK  used  WDF 
criteria  (Williams  an:: 
Kiser,    1970; 

Sa-Tx?  AS  above.      ODnsideration 
was  given  to  punpinq  cost-s, 
trucVviiiq  costs,   ani 
cperat-ional   cost..s  du-  to 
location. 


Sarx   o:    rrore 

5  cf^ 

Same 

Sa.-ne 


Same 


Same 
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TABLE  2 

AfrKPTMLZ  NKTEX  C-OUSTK/  UMrTS  FOR  7KXJT  MO  SALMON  OSJTJK 
(MCF  rwxsMl  1/2/78) 


Mht.«r  Otaniscrv-  Test 


Accap«.abi«  Uiper  Lamit  tar  Oontinoous  (xposure 


HkrdriBBb.   rnrn'. 


Cfcicijr 

OUoride 

SodLiz?. 

Bauissiixr. 

MarjnB»i-rr. 

Rvxphates,   artro 

Acidir,- 

AUcaIiru.t:y.   tXJtAl  hardness 

Aivunxa 

Ottalun 

Qurreiim 

CCpper 

Zinc 

f^idrcxien  sulfide 


Mercury   (oraanic 

or  iiv3raanic ) 

mtxogen 

BslychlaririBtad 
bipheiiyls   (PCP's? 

ItXAl   suspendad  and 
•et'leable  solids 

Iron 

Mitxate 

2-4  D 

KOathion 


X-  ppc 
5-10  pp- 
lOU  ppr 

ic-:;/  no 


(6.fc  -  e.5' 

At   laast   20  ppr.   (as  CaCDj} 

0.02  pcr\ 

0.0004  par.  in  soft,  vnter  (<ia.'  pan  ajua    ,nj.ty) 

0.003  pan  in  hard  UBtsr  (>XO0  par,) 

0.03  ppn 

0.006  pan  in  soft  water;   0.003  pfir  ir.  har3  water 

O.OI  ppr  in  soft  uBter,    .OS  pan  in  harj  water 

0.002  ppr 

0.03  pa- 

0.2  pnr  n»3ci.-T»rT.    0.05  am  averac<> 
Maximm  '■'•^-^'i    oas  pressure  lU^I 

0.002  pfr 

8C)  par  or    less 
0.  5  par 
10  pa- 
4  pa- 
.006  ppt 


Upper  limit  Tias  not  ba«n  astabl  Isheri  by  hTF. 


••'•-.■♦-  .t 
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'^ubobjective  4.2:     Construct  artificial  production  facilities 

at  determined  locations. 

Subobjective  4.2  will  implement  construction  at  hatchery  sites  evaluated 
and  selected  under  Tasks  4.1.1.,  4.1.2.   and  4.1.3.     A  sequential  set  of 
instructions  for  identification,   design,   and  construction  of  hatchery  facilities 
at  approved  sites  will  be  presented.     Required  funding  will  be  obtained  from 
Bonneville  Power  Administration  or  other  responsible  power  authority  for  all 
phases  of  design,  construction,  and  annual  operating  costs.     This  hatchery 
compensation  would  fulfill  compensation  requirements  justifieid  under  the 
Phase  I  discussion  in  Chapter  G. 

Entries  under  Task  4.2.1  will  be  made  by  agencies  with  specific 
construction  proposals.     The  Corps  of  Engineers  has  indicated  that  because  of 
the  magnitude  of  a  program  resolving  complete  mitigation  for  their  four  lower 
Columbia  River  projects  it  would  be  advisable  to  develop  such  a  program  by 
phases.     With  current  losses  averaging  20  -  25  percent  per  dam,  a  first 
phase  based  on  compensation  for  a  5  percent  mortality  per  dam  should  be 
instituted  without  requiring  any  more  time-consuming  studies  to  assess  and 
justify  the  program.     In  practice,  the  number  of  submissions  for  immediate 
construction  is  not  likely  to  meet  a  5  percent  per  dam  level. 

Tasks  4.2.2  and  4.2.3  detail  a  design  and  construction  progression  that 
is  straightforward.     In  general,   agencies  will  secure  funds  for  design  and 
construction  and  would  administrate  the  projects  through  service  contracts 
with  private  vendors.     This  method  is  now  in  use  by  Oregon  Department  of 
Fish  and  Wildlife,   U.S.   Fish  and  Wildlife  Service,   Idaho  Department  of  Fish 
and  Game,   and  Washington  Departments  of  Fisheries  and  Game  to  construct 
hatcheries  under  the  Lower  Snake  River  Fish  and  Wildlife  Compensation  Plan. 

Task  4.2.4  provides  for  annual  funding  of  operations  and  maintenance 
cost  by  Bonneville  Power  Administration  or  other  funding  authority.     Funds 
will  be  provided  to  the  fisheries  agency  or  tribe  which  will  be  the  sole 
operator  of  the  facility. 
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In  review,   agencies  submitting  proposals  for  construction  of  artificial 
production  facilities  will  receive  monies  through  power  rates  from  Bonneville 
Power  Administration  or  other  power  entities.     The  agencies  will  be 
responsible  for  administrating  design  and  construction.     After  construction, 
the  ownership  of  the  facility  will  pass  to  the  operating  agency  and  operating 
funds  will  be  provided  annually  by  the  responsible  power  entity. 
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Task  4.2.1(a);     Fall  Chinook  Acclimation  Pond 

Background:     The  Bonneville  and  Spring  Creek  fish  hatcheries  were  expanded 
to  provide  compensation  for  the  loss  of  habitat  due  to  construction  of  the  Jon 
Day  Dam.     The  fishery  affected  had  been  traditionally  fished  by  the  Columbia 
River  treaty  tribes.     Current  operation  of  these  hatcheries  deprives  the 
tribes  of  their  50  percent  treaty  fishery  rights  not  only  to  the  bright  fall 
Chinook  originally  lost  with  the  inundation,  but  by  Spring  Creek  Hatchery 
only  rearing  and  releasing  tule  fall  Chinook,   a  low-quality  fish  that  is 
currently  harvested  by  the  treaty  fishermen. 

Recommendation :     That  the  Power  Planning  Council  include  in  its  Fish  and 
Wildlife  Program  restoration  of  losses  to  the  treaty  fishery  resulting  from  the 
construction  of  the  John  Day  Dam;  the  Bonneville  hatchery  and  the  Spring 
Creek  hatchery  will  be  operated  to  rear  fish  for  release  in  the  John  Day  Pool. 
For  example,  the  existing  spawning  channel  below  McNary  Dam  could  be 
modified  to  provide  an  acclimation  pond  for  planting  of  bright  fall  chinook 
currently  reared  at  Bonneville.     Spring  Creek  hatcheries  will  begin  a  program 
of  rearing  bright  fall  chinook  for  acclimation  and  release  in  John  Day  pool. 
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Tnsk  4.2.1(b):      Yakima  Hatchery 


Preliminary  investigations  by  the  Fish  and  Wildlife  Service  of  the 
Klickitat  watershed  began  in  May  of  1978.     These  investigations  produced  four 
water  sources  two  of  which  qualified  for  the  Yakima  Hatchery  water  supply. 
The  Outlet  Creek  springs ,  the  source  finally  selected ,  has  a  flow  of 
approximately  80  cfs  and  an  average  water  temperature  of  43-45°F.     The  site 
contains  about  nine  acres  with  about  four  acres  available  for  development. 

The  hatchery  would  produce  approximately  300,000  pounds  of  all  species 
of  fish  annually.     Estimated  cost  of  construction  is  approximately 
$12,000,000.00  with  an  estimated  yearly  operation  and  maintenance  cost  of 
$545,000.     The  site  chosen  was  selected  primarily  because  of  the  reliability  of 
the  on-site  water  supply. 

Recommendation :     That  the  Power  Planning  Council  include  in  its  Fish  and 
Wildlife  Program  the  construction  of  the  Yakima  Hatchery  utilizing  power 
revenues. 
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Task  4.2.1(c):     Umatilla  Hatchery  Complex 

During  1978  and  1979  the  Fish  and  Wildlife  Service  conducted  an 
Anadromous  Fish  Enhancement  Study  on  the  Umatilla  Indian  Reservation  on 
behalf  of  the  Confederated  Tribes  of  the  Umatilla  Indian  Reservation.     Two 
sites  were  identified  by  the  study  as  the  most  economically  feasible  for  fish 
production  on  the  reservation.     The  study  recommended  that  both  the 
Minthorn  Springs  hatchery  site  and  the  Bonifer  Springs  site  be  considered 
together  as  a  complex,  with  development  potentially  occurring  in  two  stages. 

The  annual  production  of  thehatchery  complex  should  approach  26,000 
pounds  of  salmon  and/or  steelhead.     A  single  species  program  was 
recommended.     Total  construction  costs  were  estimated  at  approximately 
$1,500,000  with  yearly  operation  and  maintenance  costs  at  $22,900.     The  plan 
envisioned  a  sharing  of  equipment  between  the  two  sites. 

Recommendation :     That  the  Power  Planning  Council  include  in  its  Fish  and 
Wildlife  Program  funding  for  the  construction  of  the  Umatilla  Hatchery 
Complex  utilizing  power  revenues. 
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Tnsk  4.2.2:     Desifni  fish  propagation  facilities 

Introduction:     It  is  expected  that  numerous  hatchery  sites  will  be  proposed 
for  immediate  construction  under  Task  4.2.1.     Additional  hatchery  sites  will 
be  identified  over  time  and  prioritized  for  construction  through  the  process 
described  in  Tasks  4.1.1  and  4.1.3.     In  addition,  expanded  use  of  existing 
hatcheries  will  be  identified  through  Task  4.1.2  and  proposed  for  construction 
through  Task  4.2.1,     The  present  discussion,   Task  4.2.2  will  establish  a 
mechanism  to  initiate  design  of  facilities  that  have  passed  through  the 
identification  sequence. 

Status:     Capability  to  accomplish  design  of  artificial  production  facilities 
varies  throughout  agencies.     The  following  information  was  derived  from 
direct  communication  with  fish  culture  and  engineering  experts  within  state 
and  federal  agencies. 

A.       WDF  -  Don  Bartlett 

Has  engineering  capability  up  to  and  including  total  design  and 
construction  administration  for  major  facilities.     Also  has  extensive 
experience  with  contract  design  services. 

R.      ODFW  -  Ernie  Jeffries 

Has  engineering  capabilities  up  to  and  including  total  design  and 
construction  administration  for  major  facilities. 

C.  USFWS  -  John  Hanson 

Has  engineering  capability  up  to  and  including  total  design  and 
construction  administration  for  major  facilities. 

D.  WDG  -  Jim  Gearheard 
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The  Game  Department  has  only  a  small  groups  of  engineers  and  design 
for  major  facilities  would  be  done  by  consulting  contract. 

E.       IDFG  -  John  Coon 

Has  handled  most  design  work  through  outside  contracts.     Capability 
exists  to  administer  design  and  construction  phases. 

All  project  designs  should  the  be  the  responsibility  of  the  requesting 
agency  or  tribe  and  that  each  entity  secure  project  designs  through  either 
in-house  capabilities  or  contract  consulting  servicesj,   depending  on  the  unique 
capabilities  of  the  agency  or  tribe. 

All  funding  should  be  provided  directly  to  the  requesting  agency  by 
BPA  or  other  responsible  authority  for  feasibility  studies,  preliminary  design, 
and  final  construction  documents.     Expenditure  of  design  money  is  to  be 
administered  by  the  requesting  agency. 

Anticipated  Results 

The  operating  agency  or  tribe  will  secure  a  final  construction  document 
through  in-house  services  or  through  consulting  contract.     The  document  will 
include  working  drawings  and  specifications  and  detailed  cost  estimates 
showing  material,  labor,  equipment,  etc.     The  document  will  be  of  a  quality 
acceptable  to  be  used  by  the  agency  or  tribe  to  solicit  construction  bids. 

Scope  of  Work 

Following  submission  of  hatchery  site  proposals  under  Task  4.2.1  the 
design  phase  would  proceed  as  follows: 

A.  Power  Planning  Council  or  other  authority  (BPA,   PUD's)  receive  4.2.1 

« 

recommendations  including  funding  proposal  for  feasibility  studies.  ' 

B.  Power  Planning  Council  obligates  funding  for  feasibility  studies  to  the 
requesting  agency. 
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'^ .       ^equestinc:  at^ency  or  tribe  completes  site  feasibility  study  in-house  or 
through  contract  consulting  services. 

1 .  Elevations 

2.  Water  supply  -  pumped,   gravity,   amount 

3.  Compatibility  of  site  with  project 

4.  Preliminary  design  and  construction  cost  estimates 

D.  Requesting  agency  or  tribe  proposes  funding  of  design  and  construction 
package  to  BPA,   Power  Planning  Council,   or  other  appropriate  authority. 

E.  Power  Planning  Council  obligates  design  and  construction  funds  to 
requesting  agency. 

F.  Requesting  agency  or  tribe  develops  preliminary  and  construction 
designs  and  construction  bid  documents. 

1.  In-house  or 

2.  service  contract  with  agency  administration  responsibility. 

A  proposed  general  guideline  for  design  phases  is  attached.     This 
guideline  has  been  successfully  used  by  the  Washington  Department  of 
Fisheries  in  design  and  construction  of  the  Washington  State  Salmon 
Enhancement  Program.     The  guidelines  specify  the  role  of  the  consulting 
engineer  but  the  same  responsibilities  would  be  held  b^'  the  project  engineer 
if  design  was  carried  out  in-house. 

Recommendation :     That  the  Power  Planning  Council  include  in  its  Fish  and 
Wildlife  Program  that  the  design  of  all  hatchery  compensation  facilities  be  the 
responsibility  of  fishery  agencies  and  tribes  and  that  such  design  be  funded 
with  power  revenues. 
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Attachments 
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SCOPE  OF  CONSULTIMC  ENGINEER'S  SERVICES 

PROJECT 
r»enera] 

Tlie  Lncj-ineer  will  be  required  lo  naintaln  complete  project  records  including 
copies  of  rtll  correspopder.ee  and  documentation  for  payment  purposes.  All 
meetings  or  conversations  wr>ic'  provide  guidanc*--,  vertal  directives  or  transfer 
of  data  v/iii  be  recorded  by  tne  engineer  with  a  copy  supplied  to  the  State  with- 
if;  one  wee'.  Of"  the  meeting. 

The  Engineer  is  responsible  for  notifying  tiie  State  of  any  direction  received 
from  the  State  that  is  deemed  a  change  of  scope  of  the  Engineers  services. 

PHASt  I  -  PRE-D:SIGN  and  design  DEVELOPMENT  SERVICES 

This  phase  shall  begin  with  the  acceptance  of  the  consultant  contract  and  will 
be  complete  upon  acceptance  of  the  Design  Development  Documents  by  the  State. 

PRE-DESIGN  SERVICES 

1.  Survey  existing  structures  to  detem-ine  their  condition,  and  made  measured 
drawings  of  existing  construction  wr.ere  required  for  designing  additions  or 
alterations. 

2.  Obtain  soils  and  topographic  data  necessary  for  design  and  to  identify 
potential  construction  probiens.  Special  attention  shall  be  given  to  the 
use  of  on  site  material  for  pond  construction. 

3.  Locate  existing  underground  piping  and  obtain  data  on  existing  utility 
services. 

A.     Determine  any  special  requirements  impacting  work  in  the  river  and 
connecting  to  existing  construction. 

5.  Determine  the  extent  and  type  of  clearing  required  along  with  clearing 
methods  to  be  used  to  prevent  erosion. 

C.  Develop  a  project  schedule  from  start  of  design  through  construction.  Bar- 
grapri:.  will  be  prepared  to  indicate  desigri  and  bidding  schedules,  and  major 
construction  activities. 

The  Engineer  shall  make  a  formal  presentation  to  the  State  of  the  data  gathered 
during  the  pre-design  effort  prior  to  commencing  work  on  the  Design  Development 
Documents. 

DESIGfi  DEVELOPMENT  SERVICES 

The  Engineer  shall  prepare  for  approval  by  the  State,  the  Design  Development  Docu- 
ments consifiting  of  schematic  drawincs,  sketches,  and  other  documents  to  fix  and 
describe  the  size  and  character  of  the  entire  project  as  to  structure,  mechanical 
and  electrical  systems,  materials  and  such  other  essentials  as  may  be  appropriate. 
Design  Development  Documents  shall  include,  as  a  rr.mmurn  example,  four  (4)  sets  of 
the  following: 


635 


1.  i.ue  plans     ^F  ^ 

2.  Floor  plan 

*3.  All  elevations 

4.  Structure  cross  sections 

5.  !:ajor  construction  detaiiS 
£.  basic  mechanical   systens 

7.  Basi.-  electrical  sysien: 

8.  t'ond  profiles  and  cross  sectio-r. 

9.  Outline  specifications  ccscr  icina  tn*   materials  to  tte  used 

10.  irri  irninary  SLruct;u»'a! ,  i.iet'jni-ai   and  ploc^Lrical   design  calculations 

11.  A  Statement  of  peobabie  co;:  tvjc  t  ior  cost  using  Dudgei   estiPiatinq  techniques. 

Pi-JWi   II  ■_cOHS]Rvau)i.j:^yj:iL-.-z  :.z''.]Cii 

Thir.  piiase  will  comrience  wKfi  !/•£  approval  by   ^ho  State  of  the  Design  Developme' : 
Oocui.icits  ana  ivill  t>e  compl'  e  j;,  .n  \he   States  acceptance  of  a  contract  for 
construction. 

1.  The  tnqineer  shall  prepare  verging  draivinqs  and  specifications  detailing  the 
requireinents  for  tne  con?.!  rue  ■.  ion  o:  tn-  entire  project  including  necessary 
bidding  information,   ihese  construct ic^  documents  snail  be  prepared  from  the 
approved  Design  Developnsent  ivcur-eni >  to  t^'C  90.  stage  at  v/hich  time  four  {^) 
sets  will  be  sub.r.itted  to  t 'e  Stato  tor  review  and  approval.  The  final  Con- 
itrjction  Documents  will  be  prepared  from  the  approved  90  design.  Upon 
acceptance  of  t-.e  Construe. k;-  Docun'-r.5,  the  Engineer  shall  deliver  to  the 
State  t^e  documents  for  prin*. '^j  and  bidding. 

2.  The  Lngineer  shall  assist  i;.  p»-eparation  of  bidding  forms  and  the  Conditions 
of  tne  Contract. 

i.     The  Engineer  shall  provide  two  [2]   copies  of  a  complete  brochure  consisting  of 

all  of  tl'.e  final  design  calcjiations  used  by  the  structural,  electrical  and 

meclianica'i  engineers  for  this  project  and  shall  submit  this  brochure  with  t:-^ 
final  des,gn  documents. 

■I.   The  State  will  arrange  for  ji  !  anorovals  frorn  governmental  authorities  havin 
jurisdiction  over  -ne  project.  The  Engineer  ray  be  requested  to  prenare 
cerLd  in  exhibits,  maps  or  s-ecc'^es  to  ce  used  for  permit  application. 

5.  The  Engineer  shall  provide  on  a  bar  chart  or  CPP  diagram  at  least  one  feasiblf- 
construc::ion  schedule  v/hicii  ney  te  made  a  pert  of  the  construction  bid  docu- 
ments and  which  may  be  used  af  t*"e  basis  of  the  Construction  Contract  time. 

(j.      The  ':ngine°r  shall  nrovido  a  co-p^ete  detailed  cost  estimate  showing  breakdOv-.p- 
for  materidl ,  labor,  equipnienL,  r;:obi  lizat  ion,  etc. 

7.  Following  the  State's  approval  of  the  Construction  Documents  and  of  the  latest 
Construction  Cost  Estimate,  t  "^  Stat?  will  obtain  bids  and,  upon  receipt  nr  ar. 
acceptable  proposal,  prepare  '.onstruction  Contracts  and  award  the  work. 

o.  The  Engineer  will  receive  an.^  respond  to  questions  from  prospective  bidders, 
prepare  adaenda  documents,  attend  pre-bid  conferences,  and  participate  in 
post-bidding  negotiations  between  the  State  ana  the  successful  bidder,  all 
as  necessary  anc  requested  by  t  .o  .tate. 
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PHASE  III  -  ADMINISTRATION  OF  THE  CONSTRUCTION  CONTRACT 

The  Construction  Phase  will  ccinmence  with  the  award  of  the  Construction  Contract 
and  will  terminate  60  day%   after  final  paynient  is  made  by  the  State  to  the 
Contractor. 

1.  The  State  shall  provide  Administration  of  the  Construction  Contract  as  set 
forth  in  the  general  conditions  of  the  Construction  Contract.  The  Engineer 
shall  assist  as  requested  by  the  State. 

2.  The  Engineer  shall  provide  an  individual  with  appropriate  qualifications,  and 
satisfactory  to  the  State,  to  act  as  full-time  Inspector  to  monitor  the  work 

of  the  construction  contractor  during  the  tore  period  of  the  construction  effort. 
The  duties,  responsibilities,  and  limitations  of  authority  of  this  inspector 
will  be  set  forth  in  detail  and  appended  to  the  State-Engineer  agreement. 

3.  The  Engineer  shall  conduct  a  concrete  and  soils  testing  program  or  arrange  for 
an  independent  testing  lab  to  perform  these  services,  on  behalf  of  the  STATE. 
The  Engineer  will  not  conduct  technical  tests  which  are  to  be  paid  for  by  the 
CONTRACTOR. 

4.  The  Engineer  shall  review  and  comment  on  all  shop  drawings,  material  submittals, 
and  other  submittals  required  by  the  contract.  The  Engineer  shall  record  and 
distribute  properly  marked  copies,  and  verify  that  required  changes  are  actually 
effected. 

5.  The  Engineer  shall  receive  and  process  requests  from  the  Contractor  for  clarifica- 
tions of  the  contract  documents  (including  errors  or  omissions  in  the  documents). 

6.  The  Engineer  will  receive  and  verify  the  Contractor's  applications  for  payment 
and  transmit  them  to  the  State  for  payment. 

7.  The  Engineer  shall  prepare  Change  Orders  including  the  issuance  of  necessary  draw- 
ings and  specifications  to  describe  work  to  be  added,  deleted  or  modified;  review 
Contractor's  proposal;  conduct  negotiations  with  the  Contractor  and  make  recommen- 
dations to  the  State;  and  secure  the  Ttates  approval  to  act  on  modifications 
that  may  affect  the  utilization  of  the  project,  extra  cost  or  additional  time. 

8.  The  Engineer  shall  perform  contract  close-out  services  as  follows: 

A.  Determine  by  detailed  inspection  with  the  State's  representative  when  the 
project  is  sufficiently  complete  to  permit  occupancy  by  the  State. 

B.  Prepare  a  punch  list  of  items  to  be  corpleted  or  corrected,  and  maintain 
this  list  until  final  completion  is  secured. 

C.  Review  warranties,  affidavits,  and  related  documents  assembled  by  the 
Contractor. 

D.  Conduct  final  inspection  with  the  State-  for  final  acceptance  of  the  work. 

9.  The  Engineer  shall  monitor  the  ijroares'.  of  the  construction  relative  to  an  estab- 
lished schedule,  and  report  tins  infor natif-  to  tne  State  weekly. 

10.  The  Engineer  shall  provide  a  set  of  ttin-'   .'uJile  ds-rtuilt  record  drawings. 
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Task  4.2.3:     Construct  fish  propagation  facilities 

Introduction:     This  task  write-up  will  set  out  a  process  for  construction  of 
compensation  facilities.     Facilities  at  the  construction  stage  have  previously 
been  sanctioned  by  the  selection  system  set  out  in  Tasks  4.1.1  through 
4.1.3.     The  facility  has  been  designed  through  the  working  drawing  phase 
and  a  bid  package  has  been  assembled.     All  design  activities  have  been 
completed  under  BPA  or  other  funding  approved  by  the  Power  Planning 
Council.     As  outlined  in  Task  4.2.2  funding  for  the  construction  phase  was 
previously  secured  under  the  design  submissions. 

Status:     Agencies  having  potential  for  construction  requests  indicated  that 
most  would  require  contract  services  for  construction  of  any  but  minor 
artificial  production  facilities.     Each  agency  was  experienced  in  administrating 
service  contracts  for  construction  and  could  be  expected  to  perform  this 
function.     Several  agencies  including  ODFW,  WDF,  and  FWS  are  currently 
involved  in  administration  of  construction  under  outside  contract. 

The  economic  atmosphere  is  unusually  favorable  to  construction  at  this 
point  in  time  and  bids  are  being  obtained  that  are  below  design  cost 
projections.     In  keeping  with  the  objective  of  gaining  the  best  economic  use 
of  funds  and  facilities,  it  would  behoove  all  agencies  to  expedite  design  and 
construction  procedures. 

Funding  for  construction  of  artificial  production  facilities  would  be 
provided  by  the  power  authority  whether  it  be  BPA,  local  utilities,  or  other 
authority  in  keeping  with  the  Section  4(h)  provisions  of  the  Power  Act. 
Ideally,   funding  for  construction  would  have  been  obligated  under  Task 
4.2.2.     If  not,   funding  would  be  secured  prior  to  solicitation  of  the 
construction  bid. 

Agencies  or  tribes  will  independently  secure  construction  bids  and 
administrate  construction  contracts  for  artificial  production  facilities. 
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Anticipated  Results:     The  agency  or  tribe  would  begin  the  construction  phase 
with  a  construction  document  and  would,  through  the  process  outlined  below, 
receive  a  construction  bid,  administrate  the  construction  program,  and 
maintain  responsibility  for  all  phases  of  construction  through  final  acceptance 
and  billing. 

Scope  of  Work;     The  following  process  will  carry  an  artificial  production 
facility  through  the  construction  phase  from  solicitation  of  the  construction 
contract  to  final  payment  to  the  contractor. 

1.  Agency  or  tribe  secures  funding  obligation  from  funding  authority  (if 
not  secured  under  4.2.2). 

2.  Agency  or  tribe  assigns  project  engineer. 

3.  Bids  will  be  solicited  by  the  agency  and  a  construction  contract 
awarded. 

4.  Contractor  will  perform  construction  duties  as  stipulated  in  the 
construction  contract. 

5.  Agency  or  tribe  will  provide  an  inspector  and  will  be  responsible  for 
final  acceptance  documents. 

6.  Agency  or  tribe  will  process  contractors'  claims  for  payment  and  will 
provide  such  payment  from  funds  secured  from  funding  authority. 

The  attached  construction  phase  guidelines  are  used  by  the  Washington 
Department  of  Fisheries  and  are  provided  as  a  detailed  list  of  obligations 
assumed  under  construction  contracts. 

Recommendation ;  That  the  Power  Planning  Council  include  in  its  Fish  and 
Wildlife  Program  the  construction  of  all  hatchery  compensation  facilities  by 
fishery  agencies  or  tribes  utilizing  power  revenues. 
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'''asl:  4.2.4;     Operate  and  maintain  hatchery  facilities 

Introduction:     This  task  write-up  will  set  requirements  for  fundinp  of 
operation  and  maintenance  of  artificial  production  facilities  constructed  under 
Section  4(h)  provision  of  the  Re^onal  Power  Act. 

Status:     It  has  become  common  practice  for  fishery  agencies  to  operate  and 
maintain  artificial  production  facilities  and  to  receive  funding  for  these 
activities  from  parties  responsible  for  compensation.     An  extensive  list  of 
funding  responsibility  for  operation  of  compensation  facilities  could  be 
developed  but  is  foregone  here,  in  that  the  premise  is  well  established  and,  it 
is  assumed,  acceptable  to  all  parties. 

Funding  for  operation  and  maintenance  or  artificial  production  facilities 
constructed  to  provide  compensation  under  the  Power  Act  should  be  the 
responsibility  of  the  compensatory  authority.     The  fishery  agency  would 
maintain  ownership  of  the  facility  and  would  be  responsible  for  operations  and 
maintenance  of  that  facility,   subject  to  receipt  of  adequate  funds. 

Scope  of  Work:     The  following  provides  a  simple  guideline  that  could  be 
followed  in  fulfilling  funding  and  operating  obligations  and  responsibilities: 

1.  Agency  or  tribe  develops  operating  budget  request  for  fiscal  year  and 
submits  to  funding  authority.      (Submittal  date  to  be  designated  by 
agreement . ) 

2.  Funding  authority  obligates  funds  to  operating  agency. 

3.  Agency  provides  annual  reports  of  activities  to  funding  authority. 

Recommendation ;     That  the  Power  Planning  Council  inclvide  in  its  Fish  and 
Wildlife  Program  that  sufficient  operations  and  maintenance  funding  of 
hatchery  compensation  facilities  be  transferred  annually  from  power  entities  to 
the  fishery  agency  or  tribe  operating  the  subject  facility. 
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'^ask  4.2.5:     Changes  in  Existing  Hatchery  Operations 

Extensive  hatchery  development  occurred  during  the  1950's  and  1960's. 
Due  to  decisions  of  fishery  agencies  at  that  time,   many  of  the  hatcheries  were 
constructed  below  presently  acknowledged  Indian  Treaty  fishing  grounds. 
These  decisions  have  resulted  in  tremendous  losses  to  the  Indian  Treaty 
fisheries  above  Bonneville  Dam. 

By  changing  some  of  the  release  sites  to  the  upper  Columbia  River 
system,  immediate  benefits  could  occur  to  Treaty  fisheries.     These  increased 
runs  do  not  reflect  compensation  for  passage  losses. 

Recommendation :     That  the  Power  Planning  Council  include  in  its  Fish  and 
Wildlife  program  the  necessary  funding  to  transfer  a  portion  of  the  fish  from 
lower  river  production  hatcheries  to  release  sites  in  the  upper  Columbia  River 
system,  in  order  to  assist  in  meeting  Indian  Treaty  Fishery  Rights. 
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Siihobjective  4.3;       Determine  release  sites  and  levels  compatible 

with  natural  production  and  harvest  considerations. 

Introduction:     Subobjectives  4.1  and  4.2  discussed  procedures  for  identifying 
and  selecting  hatchery  sites  by  a  prioritized  system  and  for  designing 
constructing  and  operating  these  facilities  under  provisions  of  the  Power  Act. 
Subobjective  4.3  will  describe  objectives  and  procedures  to  guide  production 
strategics  for  artificial  production  facilities. 

Hatchery  production  within  the  Columbia  River  basin  had  resulted  in 
releases  of  159  million  anadromous  fish  of  various  species  in  1976  (1). 
Extensive  enhancement  and  mitigation  efforts  resulted  in  modern  day  record 
catches  for  coastal  ocean  and  Columbia  River  net  fisheries  between  the 
mid-1960's  and  mid-1970's.     At  the  same  time  fishing  rates  imposed  to  harvest 
available  hatchery-produced  stocks  resulted  in  over-exploitation  of  naturally 
spawning  stocks.     Additional  pressure  on  wild  stocks  resulting  from  passage 
and  habitat  losses  associated  with  hydro  projects  resulted  in  a  decline  of 
stocks,  especially  spring  and  fall  chinook  and  steelhead  from  the  Columbia 
Basin  above  McNary  Dam  (2).     In  response  to  decreasing  escapement  the 
Columbia  River  net  fishery  was  gradually  curtailed  to  the  point  that  little  of 
the  traditional  fishery  remains.     At  the  same  time,  the  ocean  commercial  troll 
fishery  and  sport  fishery  continued  essentially  uncontrolled  until  1978  when 
more  restrictive  regulations  began  to  be  imposed. 

Recent  court  decisions  have  further  highlighted  the  harvest  management 
problems  associated  with  mixed  stock  fisheries.     Abundant  hatchery  stocks 
sustain  high  exploitation  rates  while  depressed  naturally  spawning  stocks 
requiring  little  or  no  exploitation  are  overfished.     The  opposite  case  provides 
protection  of  depressed  runs  and  overescapement  of  hatchery  stocks. 

The  Section  4(h)  provisions  of  the  Power  Act  supply  a  vehicle  to  achieve 
mitigation  and  compensation  through  protection  and  enhancement.     While 
enjoying  the  opportunity  to  restore  depressed  runs  to  their  previous  levels 
under  the  auspices  of  the  Power  Act ,  care  must  be  taken  to  parcel  production 
from  enhancement  facilities  in  a  manner  that  will  fulfill  fishery  objectives. 
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The  objective,  then,  is  to  develop  a  program  such  that  production  releases 
from  major  artificial  production  facilities  are  distributed  to  release  sites  and  at 
levels  compatible  with  natural  production  and  harvest  management 
considerations . 

Discussion  and  Recommendations:     Programs  from  existing  hatcheries  include 
major  releases  at  sites  remote  from  the  main  rearing  station.     Off-station 
plants  serve  two  primary  purposes,   (1)  supplementing  natural  production  in 
areas  of  wild  production  and  (2)  releasing  hatchery  fish  in  areas  or  in  a 
manner  to  relieve  fishing  pressure  on  wild  stocks.     The  technology  clearly 
exists  for  diseminating  production  from  a  centralized  source.     It  only  remains 
to  develop  the  strategy  by  which  artificial  production  facilities  provided  under 
the  Power  Act  will  be  operated  to  meet  stated  objectives  of  restoring  run 
sizes  and  fishery  levels  consistent  with  natural  production  and  harvest 
requirements. 

A  release  strategy  working  group  will  be  assigned  by  agency  and  tribal 
authorities.     The  group  will  submit  a  funding  proposal  to  BPA  to  secure 
funds  to  develop  production  and  release  strategies  to  be  applied  to  artificial 
production  facilities  constructed  and  operated  under  Section  4(h)  pix)visions. 
To  achieve  the  objective  -.he  working  group  will: 

1.  Submit  funding  proposal  to  BPA. 

2.  Determine  desired  regional  production  levels  by  species  (i.e.,  McNary 
Dam  to  Priest  Rapids  fall  chinook  production)  within  limits  discussed  in 
Chapter  G. 

3.  Determine  necessary  fishery  effort  distribution  and  contribution  including 
opportunity  for  terminal  area  fisheries. 

4.  Determine  levels  of  augmentation  of  natural  stocks  necessary  to  sustain 
fishing  rates  and  compensate  for  passage  losses. 

5.  Identify  available  planting  or  rearing- release  sites  compatible  with 
required  augmentation  levels. 
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'^.       I'lentify  level  of  sunoort  required  at  each  site. 

A.  Fry-fingerlinpr  plants 

(1)     natural  carrying  capacity  for  juveniles 

(a)  low  flow  limitations 

(b)  forapce 

(c)  other  limitors 

B.  Mif^ant  smolt  plants 

C.  Feeding  and  inprinting  stations 

7.       Implement  strategies  by  interaction  with  artificial  piT>duction  development 
under  subobjectives  4.1   (task  4.1.3),   4.2   (task  4.2.1),  4.5  and  4.6 
(task  4.6.1). 

Requirements  1,2,  and  3,  have  been  addressed  at  some  length  by  the 
agencies  and  tribes.     Requirement  5  would  be  a  potential  product  of  research 
under  task  4.6.1  and  results  from  that  task  should  be  adopted  under  this 
subobjective.     Requirement  4  would  be  achieved  directly  by  the  working 
group . 

It  is  clear  that  accomplishment  of  Subobjective  4.3  is  closely  intertwined 
with  development  of  information,   results  of  research,  and  progress  within 
complementary  tasks  and  subobjectives.     This  working  group  should, 
however,  have  an  active  role  in  providing  production  related  requirements 
and  their  input  should  be  included  in  proposals  for  artificial  production 
facilities. 

Recommendations:     That  the  Power  Planning  Council  include  in  its  Fish  and 
Wildlife  Program  development  of  a  hatchery  release  strategy  program  to  assure 
optimal  benefit  from  compensation  production. 


6^4 


Subobjective  4.4;       Provide  for  increased  efficiency  and 

Improve  the  quality  of  fish  produced 
at  hatchery  facilities  operated  as 
compensation  for  hydroelectric  development. 

Task  4.4.1:        Determine  the  most  efficient  single  or  multiple 

species  rearing  program  at  existing  hatchery  facilities 
for  contribution  to  the  fisheries  and  escapement 

Introduction:     The  successs  of  hatcheries  is  dependent,  in  part,  on  the 
optimum  utilization  of  rearing  space  and  wter  for  the  production  of  high 
quality  smolts.     Potential  increases  in  hatchery  contribution  can  probably  be 
achieved  at  various  existing  compensation  facilities  by  optimizing  the  smolt 
output  from  the  hatcheries.     Existing  compensation  facilities  need  to  be 
evaluated  to  determine  (1)  if  the  species  and  species  mix  being  reared  are 
compatible  with  the  water  supply  and  physical  facilities  and  (2)  what  potential 
exists  for  increasing  the  hatchery's  contribution  by  changing  the  species, 
number  of  fish  reared,  and  species  ratio. 

Physical  plant  inadequacies  could  be  Idimiting  smolt  production  and 
quality  at  certain  hatcheries.     For  example,  a  station  rearing  fall  chinook  and 
coho  might  be  relesing  a  part  or  all  of  their  coho  early  to  make  pond  space 
available  for  fall  chinook  that  needed  to  be  moved  out  of  the  hatchery 
building  tanks.     This  practice  could  result  in  a  low  return  of  coho.     In  thic 
case,  a  solution  to  the  problem  might  be  achieved  by  adding  pond  space  or 
changing  the  species  composition  at  the  station.     Mumerous  other  such 
examples  could  be  cited. 

The  evaluation  of  species  and  species  mix  at  existing  compensation 
hatcheries  could  result  in  changes  in  production  programs  which  would 
increase  station  efficiencies  and  improve  smolt  quality  and  survival. 

Current  Status:     Most  of  the  past  and  current  effort  to  optimize  hatchery 
production  and  evaluate  the  species  mix  at  various  facilities  has  been  done  by 
the  Washington  Department  of  Fisheries.     They  have  developed  a  hatchery 
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computer  model  which  is  used  to  optimize  hatchery  systems  and  develop  the 
best,  most  cost-effective  species  mix.     The  model  has  been  used  on  Puget 
Sound  hatcheries  and  will  soon  be  ready  to  use  on  Columbia  River  stations. 
This  could  be  a  useful  tool  for  optimizing  production  at  all  compensation 
facilities. 

A  small  group  of  fishery  experts  with  extensive  expertise  in  fish  culture 
should  be  designated  to  evaluate  the  efficiency  and  smolt  output  from  each 
compensation  facility.     An  onsite  visit  to  each  hatchery  should  be  made.     The 
task  group  should  look  at  the  species  being  reared,  number  of  fish,  and  the 
relationship  between  the  species  mix  and  the  adequacy  of  rearing  facilities, 
and  the  relationship  between  species  and  the  quality  and  survival  of  smolts. 

Results  Expected:       A  comprehensive  evaluation  of  the  species  mix  at  existing 
compensation  hatcheries  could  very  well  result  in  changes  in  production 
programs  which  would  increase  station  efficiencies  and  improve  smolt  quality 
and  survival. 

Scope  of  Work;     The  following  actions  are  needed  to  accomplish  the  task 
outlined: 

1.  Select  a  group  to  do  the  work.     Whoever  is  selected  should  have  broad 
expertise  in  fish  culture. 

2.  Obtain  information  from  the  agency  operating  the  compensation  facility 
on: 

A.  the  present  species  mix  -  why  is  it  being  used; 

B.  the  present  quality  of  smolts; 

C.  the  survival  of  smolts  and  contribution  to  the  fishery  and 
escapement; 

D.  the  adequacy  of  the  water  supply  and  rearing  facilities; 
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E.  fish  health  problems,  and 

F.  ability  to  meet  present  mitigation  requirements. 

3.  Evaluate  information  and  develop  a  set  of  recommendations  for  increasing 
the  hatchery's  contribution  by  changing  the  species  mix  or  correcting 
physical  problems  with  the  plant.     This  should  be  in  the  form  of  a 
report . 

4.  Implement  recommendations  made  in  report. 

Recommendation :     That  the  Power  Planning  Council  include  in  its  Fish  and 
Wildlife  Program  an  evaluation,   utilizing  power  revenues,  of  existing  and 
future  hatchery  compensation  facilities  to  determine  the  most  efficient  rearing 
programs. 
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Task  4.4.2:     Adopt  stock  assessment  evaluation  system 
for  Columbia  Basin 

Introduction:     There  has  been  a  lack  of  recognition  of  the  part  of  harvest 
managers  and  others  that  individual  hatchery  stocks  are  unique  and 
underescapement  at  a  particular  facility  is  a  serious  problem.     The  tendency 
has  been  to  look  at  hatchery  runs  as  a  pool  of  eggs  and  if  one  hatchery  has 
a  surplus  and  another  a  deficit  of  eggs,  there  is  no  problem.     This  view 
reflects  a  complete  disregard  and  lack  of  understanding  of  the  stock  concept 
and  the  importance  of  strain  differences.     Fish  propagation  specialists  have 
long  been  aware  of  the  problems  associated  with  stock  transfers.     They 
realize  improper  brood  stock  selection  can  lead  to  failure  and  that  screening 
of  stocks  is  imperative. 

Presently,   compensation  facilities  rearing  salmonids  may  not  be  utilizing  a 
stock  which  (1)   survives  well  in  the  particular  hatchery  environment  it  is 
being  reared  in,   (2)  meets  in-place  mitigation  requirements,   (3)  meets  in-kind 
mitigation  requirements,   (4)  contributes  well  to  ocean  and  river  fisheries,  and 
(5)  imprints  and  homes  well  it  its  native  stream.     Existing  compensation 
hatchery  stocks  need  to  be  reviewed  and  evaluated  to  ensure  they  meet  these 
criteria.     In  addition,   various  stocks  should  be  assessed  as  to  their 
suitability  for  use  at  new  facilities  being  planned  or  those  coming  on  line  in 
the  near  future. 

Current  Status;     There  has  been  no  systematic  assessment  of  hatchery  stocks 
in  the  past  to  determine  their  suitability  for  present  or  future  rearing 
programs.     Rather  it  appears  each  agency  has  utilized  stocks  largely  on  the 
basis  of  their  availability,   disease  history  and  migration  characteristics.     This 
has  worked  to  a  degree,  but  certainly  a  careful  review  of  stocks  would  have 
additional  payoffs  in  terms  of  onsite  hatchery  operations  and  contribution  to 
the  fisheries. 

Most  fishery  agencies  have  been  heavily  involved  in  an  ongoing  program 
of  evaluating  present  hatchery  stocks  and  their  contribution.     Included  in 
these  evaluations  have  been  the  performance  of  stocks  transferred  to  new 
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hatchery  locations.     A  great  deal  of  published  and  unpublished  information  on 
these  evaluations  exist  which,  if  brought  together  and  summarized,   would 
provide  a  nucleus  of  data  for  a  stock  assessment  program. 

Needed  Action:     The  priority  action  required  in  setting  up  a  stock  assessment 
program  for  Columbia  River  compensation  hatcheries  is  to  document  all  the 
pertinent  facts  about  the  known  anadromous  stocks  in  the  basin.     This 
assessment  should  Include  the  following: 

1.  Species,   strain  or  stock; 

2.  Present  and  historical  geographical  range;   hatcheries  presently  utilizing 
stock; 

3.  Timing  of  run; 

4.  Disease  history;   susceptibility  to  diseases; 

5.  Availability  of  stock  (i.e.,  are  adequate  numbers  of  eggs  available 
annually  to  meet  production  needs); 

6.  Migration  characteristics; 

7.  Survival  and  contribution; 

8.  Age  and  size  composition  (smolt  and  adult,  original  and  present). 

Where  questions  arise  as  to  the  genetic  uniqueness  of  a  stock,   research 
should  be  done,   utilizing  electrophoresis  and  other  tools,   to  verify  whether  a 
race  of  fish  is  in  fact  unique.     Also,  in  cases  where  populations  have 
dwindled  and  information  is  lacking  on  actual  population  size,   field  studies 
should  be  conducted  to  determine  population  estimates. 

Once  all  the  facts  on  existing  stocks  have  been  documented  and 
summarized,  this  information  should  be  made  available  to  agency  fishery 
administrators  responsible  for  fish  culture  programs  in  the  Columbia  Basin. 
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They  can  use  this  information  to  make  decisions  on  stock  selection  which  will 
best  serve  their  needs  and  the  needs  of  the  fishery. 

Results  Expected:     Implementation  of  a  stock  assessment  program  in  the 
Columbia  Basin  could  result  in  improved  survival  of  tish  within  the  hatchery 
and  following  release;   preservation  of  the  genetic  integrity  of  stocks; 
assurance  of  in-kind  mitigation;  improvement  in  quality  of  marketed  fish. 

Scope  of  Work: 

The  scope  of  work  involved  in  developing  a  uniform  stock  assessment 
program  for  Columbia  River  compensation  facilities  includes: 

1.  gathering  data  on  existing  stocks  including  all  information  itemized  under 
the  needed  action  section; 

2.  conducting  research  to  determine  genetic  variations  between  certain  races 
whose  genetic  makeup  is  in  question; 

3.  conducting  field  studies  to  determine  population  size  of  depressed  stocks 
where  this  information  is  lacking; 

4.  summarizing  all  data  in  a  stock  assessment  report; 

5.  disseminating  report  to  fishery  administrators  for  use  in  stock  selection 
decisions. 

Recommendation :     That  the  Power  Planning  Council  include  in  its  Fish  and 
Wildlife  Program  a  fish  stock  assessment  program  funded  by  power  revenues 
to  assure  proper  use  in  compensation  facilities. 
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Task  4.4.3:        Adopt  improved  fish  disease  diagnostic  systems 
and  control  of  fish  diseases  Basin-wide. 

Introduction:     Traditionally,   fish  diagnostics  and  control  measures  have  been 
carried  out  at  individual  hatcheries.     Most  of  the  diagnostic  systems  and 
protocol  have  been  formulated  at  research  labs  in  Seattle,  Washington  (FWS, 
Leetown,  West  Virginia  (FWS),   Corvallis,  Oregon  (ODFW) ,  and  Moscow,   Idaho 
(University  of  Idaho).     There  has  not  been  any  fish  health  policy  developed 
for  any  of  the  Northwest  basins  similar  to  the  Colorado  River  and  Great  Lakes 
policies. 

Current  Status:     There  is  a  serious  need  for  some  type  of  systematic 
approach  to  surveying  and  cataloging  fish  pathogens  in  Northwest  waters. 
Agencies  must  convene  to  have  their  fish  health  diagnostic  techniques  (i.e., 
sampling  frequency  and  methods)   standardized.     The  conduct  of  investigations 
in  a  similar  manner  and  time  frame  to  optimize  sharing  sharing  this 
information  and  using  it  wisely. 

Research  must  continue  to  work  on  rapid  diagnostic  tools  such  as  the 
Enzyme  Linked  Immunosoi'bent  Assay  (ELISA)  which  could  reduce  bacterial 
detection  from  hours  to  minutes  and  viral  testing  from  weeks  to  minutes.     The 
research  labs  should  be  encouraged  with  staff  and  funds  to  provide  these 
advance  techniques  for  the  field  hatchery  biologists.     More  rapid  diagnosis 
and  control  fish  diseases  should  greatly  improve  hatchery  contributions  to  the 
ocean  and  inriver  fisheries. 

Scope  of  Work: 

1.  Determine  impact  of  present  diseases  on  fishery  resources. 

2.  Map  out  ranges  of  fish  pathogens  in  the  Pacific  Northwest. 

3.  Develop  standardized  techniques  for  fish  pathogen  detection. 

4.  Find  control  measures  for  BKD  and  Sap  role  gnia  sp. 
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5.  Provide  background  data  and  pursue  registration  of  necessary  drugs  for 
pathogen  control  or  elimination. 

6.  Develop  a  stock  transfer  policy  based  on  the  pathogens  and  their 
virulence. 

7.  Develop  a  Basin  coordination  committee  for  fish  health. 

Recommendation :     That  the  Power  Planning  Council  include  in  its  Fish  and 
Wildlife  Program  the  need  for  improved  fish  disease  diagnosis  and  control  to 
allow  increased  production  at  compensation  hatcheries. 
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Task  4.4.4;  Adopt  a  system  to  determine  smolt  quality 
and  readiness  to  migrate  for  compensation 
hatchery  stock 

Introduction:     Fish  culturists  have  extensively  studies  methods  of  determining 
smolt  quality  and  readiness  to  migrate.     Nonetheless,  definitive  hatchery 
techniques  are  not  available  and  more  work  is  needed.     Guidelines  must  be 
developed  to  measure  smolt  quality.     If  a  series  of  tests  could  be  developed 
which  would  indicate  when  a  given  group  of  smolts  would  be  the  most 
competent  to  enter  and  survive  salt  water,  our  hatcheries  could  run  at  their 
maximum  efficiency.     Parameters  should  be  set  up  for  each  geographical  area 
and  species  to  determine  the  relative  quality  of  a  smolt. 

Current  Status:     Fisheries  biologists  and  culturists  have  utilized  the  return 
to  the  fishery  and  hatchery  as  a  means  of  evaluating  hatchery  techniques. 
The  evaluation  of  a  hatchery  program  involves  cost,  numbers  released,  and 
percentage  return;  therefore  guidelines  to  manage  for  maximum  benefit. 

Physiological  studies  have  been  conducted  in  the  past  decade  that  show 
promise;   ATPase  studies  on  the  lower  Columbia,  blood  sodium  work  by  the 
Seattle  National  Fisheries  Research  Center,  and  thyroid  hormone  relationship 
to  smoltification  in  Oregon.     Behavior  work  is  sparse  probably  due  to  the 
amount  of  time  spent  on  the  above  physiology. 

Physiologists,  fish  biologists,  and  others  who  are  trying  to  develop 
indices  for  smolt  readiness  should  summarize  their  information  by  species  and 
define  needed  work. 

We  know  that  the  environment  for  anadromous  fish  will  be  changing  and 
our  releases  of  fish  will  have  to  change  with  it,  so  we  need  to  know  the 
optimum  time,  size,  and  place  to  realize  the  maximum  yield.     If  we  could 
define  a  quality  smolt  and  determine  timing  of  the  smolts  maximum  chance  for 
survival,  the  above  objectives  could  be  met.     It  must  be  determined  how 
environmental  factors  work  with  or  against  the  physio-biological  processes  of 
a  smolt. 
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Results  Expected:     Fish  culturists  could  be  directed  by  environmental 
conditions  (e.g.   drought,  high  water,  and  elevated  temperatures)   for  their 
releases.     In  the  past,   fish  were  planted  at  a  given  size  and  time.     With  a 
Smolt  Quality  Index  and  Smolt  Release  System,   we  could  release  fish  knowing 
that  we  have  provided  the  optimum  environmental  conditions  prior  to  entering 
the  ocean. 

Scope  of  Work: 

1.  Select  a  group  of  both  fish  culturists  and  physiologists. 

2.  Conduct  comprehensive  literature  search  on  past  and  ongoing  studies 
with  Smolt  Quality  Indices  and  Smolt  Release  Systems. 

3.  Develop  specific  criteria  from  an  evaluation  of  current  ongoing 
physiological  work  with  Smolt  Quality  Indices  and  Smolt  Readiness.     We 
would  be  able  to  define: 

A.  Smolt  Quality 

1.  Criteria  to  use. 

2.  Methods  of  assessment. 

B.  Smolt  Competence 

1.       What  can  be  manipulated  without  affecting  it. 

4.  Select  a  specific  area  and  species  to  evaluate  the  Index  and  System. 
Give  a  range  maximum  yield  that  might  be  expected  and  text  the 
hypothesis. 

5.  Look  at  and  develop  recommendation  on  hatchery  practices  that  may 
affect  smolt  survival. 
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Recommendation :     That  the  Power  Planning  Council  Include  in  its  Fish  and 
Wildlife  Program  continued  research  to  determine  smolt  quality  and  migration 
timing  for  optimizing  the  productivity  of  compensation  hatcheries. 
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nubobjective  4.5:     Provide  for  investigation  and  implementation  of 

capital  decentralized  artificial  production 
facilities. 

Low  capital  salmon  production  facilities  (LCSP  facilities)  offer  an 
alternative  to  the  conventional  hatchery  in  cases  where  large  capital  resources 
are  unavailable,   where  large,   suitable  water  supplies  are  not  present,  and 
where  the  maintenance  of  a  diverse  gene  pool  is  desired.     Such  circumstances 
are  becoming  more  and  more  widespread,  particularly  in  the  Columbia  River 
Basin. 

LCSP  facilities  are  characterized  by  modular  construction  using,  in  many 
cases,  existing  components  adapted  to  specific  needs.     Concrete  ponds  and 
raceways  seen  at  conventional  hatcheries  are  replaced  by  wood  or  fiberglass 
construction,  plastic  swimming  pools  or  other  relatively  low-cost  components. 
Buildings,   when  present,   usually  consist  of  low-cost  shelter-type  structures. 
This  type  of  construction  allows  considerable  flexibility  in  design  to 
accommodate  site-specific  problems  or  other  indiAndual  requirements. 
Similarly,  future  modifications  are  relatively  inexpensive  compared  to  the 
conventional  facility. 

Water  source  for  an  LCSP  facility  is,  ideally,  a  spring  with  sufficient 
head  to  supply  the  needs  of  the  hatchery  without  the  need  of  pumps.     This 
greatly  reduces  power  costs  and  eliminates  the  reliability  problems  associated 
with  pumped  water. 
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While  production  from  an  individual  LCSP  facility  is  generally  much 
smaller  than  that  from  a  conventional  hatchery,  the  greatly  reduced  cost  of 
each  facility  allows  many  to  be  built  for,  in  many  cases,  less  than  a  single 
large  centralized  facility.     The  advantages  to  this  are  twofold:     First,  in 
many  localities,  particularly  the  mid-  and  upper-Columbia  River  Basin,  water 
sources  of  sufficient  size  and  quality  to  support  a  large  centralized  hatchery 
are  unavailable  (Anon.   1981).     Smaller,  scattered  water  sources  are  often 
available,  however,  which  could  be  utilized  by  LCSP  facilities. 

Secondly,  centralized  hatchery  facilities  often  replace  or  supplement 
natural  production  from  several  salmonid  producing  systems  with  a  single 
large  production  center.     This  results  in  a  "homogenized"  population  where 
formerly  existed  a  heterogeneous  gene  pool  composed  of  genotypes  adapted  to 
specific  conditions  of  individual  environments.     This  trend  is  exacerbated  by 
the  common  practice  of  exchanging  fish  or  eggs  between  centralized  facilities 
to  adjust  for  variable  returns.     In  recent  years,  biologists  have  begun  to 
realize  that  preservation  of  diverse  gene  pools  is  advantageous  in  terms  of 
overall  fitness  and  production  of  quality  adult  returns  (Helle,  1976). 
Decentralized  LCSP  hatcheries  can  be  built  on  a  number  of  tributaries  rather 
than  using  a  single  centralized  facility.     By  utilizing  native  brood  stock  and 
not  exchanging  fish  and  eggs  between  facilities,  a  more  diverse  gene  pool  is 
realized  than  would  result  from  the  large,  central  facility.     While  LCSP 
facilities  may  not  be  able  to  maintain  the  total  genetic  diversity  present  in  a 
wild  spawning  population,  they  would  provide  a  good  compromise  between 
natural  production  and  centralized  artificial  production  facilities.     LCSP 
facilities  are  a  viable  alternative,  particularly  in  those  areas  requiring 
compensation  due  to  permanent  habitat  loss  or  other  factors 
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LCSP  facilities  cannot,  however,  be  regarded  as  a  panacea  to  solve  the 
problems  associated  with  hatcheries,  or  as  a  substitute  for  wild  production. 
Large  conventional  hatcheries  have  their  place  in  producing  large  numbers  of 
fish.     Indeed,   much  of  the  present  salmonid  production  in  the  Columbia  River 
is  the  result  of  this  type  of  facility,   which  testifies  to  their  success. 
Although  proper  placement  and  utilization  of  LCSP  facilities  can  result  in  an 
increased  genetic  diversity  as  compared  to  conventional  hatcheries,  they  still 
result  in  fish  adapted  to  the  hatchery  environment,  and  cannot  replace  wild 
production.     In  addition,  the  problems  associated  with  differential  allowable 
harvest  rates  between  hatchery  and  wild  populations  still  exist  with  LCSP 
hatcheries.     Operation  of  such  facilities  would,  however,  lend  themselves 
better  to  obtaining  a  diverse  brood  stock  each  year,  thereby  replicating  the 
natural  situation  better  than  past  operations  at  larger  hatcheries.     When 
enhancement  is  deemed  to  be  required,   LCSP  facilities  will  often  prove  to  be 
cost  effective  as  compared  to  conventional  hatcheries  due  to  reduced  cost  and 
the  ability  to  utilize  smaller  water  sources. 
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'^nny   4.5.1:  Develon  systems  for  small  production  facilities 

Development  of  a  system  for  low-capital  salmnnid  production  (IXSP) 
in  the  Colunnbia  Basin  will  require  adaptation  of  existing  designs  and 
technology  to  specific  local  problems  and  environments.  LCSP  facilities 
address  the  need  for  condensation  in  areas  having  small  scattered  water 
supplies  not  adequate  for  conventional  hatchery  development,  where 
preservation  of  genetic  integrity  is  desired  in  an  enhancement 
situation,  and  where  large  capital  investment  is  unavoidable. 

IjCSP  facilities  are  a  relatively  recent  phenomena  brought  on 
primarily  by  development  of  enhancement  programs  by  groups  with  limited 
capital  resources.  These  groups  include  Indian  tribes,  fishermen's 
cooperatives  (primarily  in  Southeast  Alaska),  and  small-scale  private 
aquaculture.  By  their  very  nature  LCSP  facilities  do  not  conform  to  any 
standard  form;  each  facility  is  designed  to  meet  the  requirements  of  the 
site  and  the  resources  of  the  builders.  LCSP  facility  development  has 
been  a  kind  of  "cottage  industry"  and  very  few  designs  or  techniques 
have  been  published. 

Probably  the  greatest  use  of  LCSP  facilities  has  been  the  fisheries 
programs  of  Indian  tribes  in  Puget  Sound  and  the  Washington  Coast. 
These  facilities  display  a  wide  range  of  designs  and  sophistication,  and 
have  proven  extremely  successful.  Although  many  of  the  features  of 
these  facilities  may  be  applicable  to  development  of  LCSP  facilities  in 
the  Coltrbia  Basin,  development  of  designs  appropriate  to  sites  and  the 
enviroment  in  the  Columbia  Basin  will  be  necessary.  In  addition,  wliile 
cotrpletc  standardization  is  neither  possible  nor  desired,  some 
standardization  of  the  general  design  and  ready  access  to  existing 
designs  and  technology  will  be  beneficial. 

Needed  Research:  Study  of  LCSP  facility  development  will  require 
conpletion  of  the  following  tasks,  aimed  at  asseniiling  available 
information  on  designs  and  technology,  and  development  of  a  generalized 
design  which  can  be  adopted  to  specific  sites  and  situations: 
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1.  Application  of  existing  LCSP  designs  to  corpensation  situations  in 
the  Colurtiia  Basin. 

This  task  will  involve  showing  how  use  of  LCSP  facilities  presently 
in  use  by  Indian  tribes,  private  aquaculture,  and  others  can  be  used  to 
solve  specific  coipensatory  needs  in  the  Colurbia  Basin,  The  task 
should  include,  but  not  be  limited  to,  the  following: 

A.  Low,  and  possibly  variable,  volune  water  si;5)plies. 

B.  Applicability  to  areas  east  of  the  Cascade  Range  encountering 
relatively  severe  winter  and  suinier  tetrperatures. 

C.  Producing  sufficient  releases  to  provide  for  the  fisheries,  to 
stBpplement  natural  production,  and  for  egg-taking  in  the  face 
of  inter-dam  and  other  envirormental  losses. 

2.  Conpilation  of  existing  technology  applicable  to  LCSP  development. 

A  primary  feature  of  LCSP  facilities  is  the  use  of  existing 
technology,  much  of  it  designed  for  other  purposes,  to  replace  higji-cost 
custom  construction.  A  major  problem  encovmtered  is  that  much  of  this 
technology  is  scattered,  and  required  extensive  time  and  effort 
expenditures  to  find  what  is  available.  It  will  be  the  goal  of  this 
task  to  compile  a  listing  of  supplies  and  equipment  appropriate  to  LCSP 
development.  In  addition  to  an  independent  search  for  appropriate 
sv5>pliers  and  technology,  current  users  of  LCSP  facilities  should  be 
consulted. 

3.  Engineering  study  to  develop  a  generalized  LCSP  facility  for  the 
ColviTt)ia  Basin. 

LCSP  development  is  not  generally  amenable  to  a  standardized 
design,  being  instead  characteristically  flexible  to  accomnodate 
variability  in  sites,  goals,  and  resources.  However,  some  degree  of 
standardization  to  provide  guidelines  and  recommendations  for  LCSP 
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f«cility  d'^volojxtiont  is  desirable.  In  addition,  many  existing  liCSP 
Tarn  li ties  opt  rate  in  the  relatively  benign  environment  west  of  the 
("nf.cade  R'inge.  Some  design  modification  and  development  will  be 
rccjiiired  to  ;uc</unodMte  existing  designs  to  the  harsher  conditions  in 
miich  of  the  mid-  and  upper-Coliirbia  Basin. 

T\\e   goi)]  of  the  task  is  to  develop  a  generalized  LCSP  hatchery  and 
to  provide  engineering  guidelines  for  IjCSP  hatcheries  in  the  Colurbia 
Basin  consistent  with  the  following  reuqirements: 

A.  Flexibility  in  design  to  allcw  accommodation  to  various  sites 
and  to  permit  future  modification  at  relatively  low  cost. 

B.  Water  supplied,  ideally,  by  gravity  feed  from  spring  source, 
althougli  flexibility  in  design  to  acconmodate  other  water 
sources  is  required. 

C.  Enliancemont  will  be  primarily  directed  at  Chinook,  coho, 
sockeye,  ;md  steel head. 

D.  Low  rapital  cost. 

E.  Q>nstruction  will  minimize  the  use  of  concrete  or  other 
peiTianent  structure  in  favor  of  wood,  fiberglass,  pre-fonned 
C(rii)nnents  or  other  relatively  low-cost  construction. 

F.  Design(s)  must  be  applicable  to  environmental  conditions  in 

0>;-Trhi;<  jlnsiii. 

t'l,       (ip<   •'  li":  ■  iind  mfiintenance  costs  should  be  minimized. 

'.        (%.;•;;:  ii't  1.1!   and  ov.i  luat  ion  of  prototype  TXSP   facilities. 

Frlioi-Mn?;  or    -onciirrent    to  satisfying  the  three  other  objectives, 
sc>'!  :        ^     ;;...  i\>i?  fjif.;  i.  i  t  ios  should  be  installed  and  put   into 
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production  to  evaluate  their  biological  feasibility  and  cost 
effectiveness. 

Tribal  reservations  and  ceded  areas  in  the  Coliirbia  Basin  contain 
hundreds  of  miles  of  rivers,  lakes  and  streams  suitable  for  productin  of 
anadromous  salmonids  .  Due  to  diminished  returns  of  adult  spawners  to 
these  areas,  much  of  this  habitat  remains  \inder-utilized.  Increased 
production  in  these  areas  by  using  at  the  outset,  low-capital  artificial 
production  techniques,  would  contribute  tcward  alleviating 
fishery- related  problems  throughout  the  system. 

Recomnendat i ons :  That  the  Power  Planning  Council  include  in  its  Fish 
and  Wildlife  Program  the  development  of  low-capi1;al  salmon  production 
facilities  funded  by  power  revenues  for  irmiediate  application  to  fish 
conpensatory  needs  caused  by  hydroelectric  development  and  operation. 
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".'.q':  4.5.*?:        Lo'v  Capital  rearinff  facilities  on  the  Nez  Perce 
Reservation 

The  Me/  Perce  Tribe  of  Idaho  wishes  to  determine  the  potential  of  low 
technolof^   (cost)   artificial  production  of  spring  chinook  salmon  and  steelhead 
within  the  reservation.      As  outlined  in  our  proposal  entitled  "TiOW  Technoloj^^y 
Fisheries  Facilities  for  the  Enhancement  of  Anadromous  Salmonid  Stocks  on  the 
Ncz  Perce  Reservation,"  we  recommend  that  Phase  I   (Reconnaissance  Studies) 
be  initially  funded  with  the  understanding  that  Phase  H   (Preliminary  Design) 
and  Phase  III  (Final  Design,   Construction,   and  Operation)  will  eventually  be 
funded  upon  development  of  the  proper  information  based  on  the  preceding 
phases. 

Because  of  the  depressed  nature  of  the  runs  of  anadromous  salmonids  to 
the  Idaho  headwaters  very  little  natural  production  is  presently  occurring  in 
streams  within  the  Nc^  Perce  Reservation.     Historically,   however, 
considerable  anadromous  salmonid  production  occurred  within  the  reservation 
boundaries.      Bocanse  of  the  large  size  of  the  reservation,   756,000  acres,   and 
the  abundant  surface  wMtor  supply  (over  300  miles  of  rivers  and  streams)  it 
is  hoped  that  quality  low-cost  artificial)  production  sites  will  be  identified. 
An  increase  in  anadromous  salmonid  production  through  low-cost  artificial 
pi'oduction  methodologies  in  the  headwater  areas  of  the  Columbia  River  Basin 
(i.e.    Nez  Perce  Reservation  in  Idaho)   would  benefit  both  Indian  and 
p.on-Indian  fisheries  in  the  mainstem  Columbia,   Snake,   and  Clearwater  Rivers. 

Recommendation:      That  the  Power  Planning  Council  include  in  its  Fish  and 
Wildlife  Program  the  investigation  and  construction  of  low-capital  fish 
oi-o.iuction  facilitii"^  on  the  Nez  Perce  Indian  Reservation  in  Idaho. 
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Kr .  J«ncs  Johnson 
Fisheries  Pro^a»  Director 
Ncr  Perce  of  Idaho 
P.O.  hex  36S 
Lapvai,  Idaho    83540 

Dear  JIb: 

Subject:  Low  Technology  Fisheries  Facility  Proposal 

EncloBed,  please  find  five  (5)  copies  of  the  proposal  we 
have  prepared  for  the  Nez  Perce  to  subcait  to  t>ie  Pacific 
Northwest  Electric  Power  iind  Conservation  Platining  Council. 
Please  feel  free  to  rcorga^^i^e  the  proposal  as  you  see  fit. 
I  borrowed  the  background  information  from  your  BP^  pro- 
posal, which  appeared  to  be  suitable  for  this  one  as  well. 

If  t>>e  planning  council  wartts  to  Vnow  who  your  consultant 
will  be,  CH2«  KILL  will  be  glad  to  forward  our  50Q  to  thea 
or  you  can  send  along  your  copy  to  M  Kendel.  We  believe 
that  the  Phase  1  cost  proposal  will  be  adequate  to  give  the 
Nez  Perce  the  stated  work  products.  Cost  of  Phase  II  and 
Phase  111  will  be  developed  on  cowpletion  of  the  preceding 
phase. 

If  you  need  »ore  information  or  have  any  questions,  please 
give  »e  a  call.  Otherwise,  good  luck,  arid  I  hope  we  bear 
frocQ  you  soon. 

Sincerely, 


^u^  y-  ^-^ 


Hark  T.  Hill 

•Ti5hrrt«r-se*tf«rrsv 


E319-Jk/«w 
Enclosures 
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Sii^nhicotivG  4.6:        Investigate  the  feasibility  of  supplementing 

natural  production  with  hatchery  outplants. 

Maintaining  or  increasing  wild  populations  of  salmon  and  steelhead  in  the 
uppermost  Columbia  and  Snake  River  basins  would  be  difficult  without 
hatchery  supplementation  due  to  the  combined  effects  of  exposure  to  the  full 
hydropower  system  and  mixed  stock  fisheries. 

The  current  inter-dam  loss  of  both  migrating  smolts  and  adults  has 
raised  serious  doubt  whether  the  naturally  produced  salmon  resource  can  be 
maintained  as  a  viable  entity  and  still  make  any  significant  contribution  to  the 
resource's  harvest  potential.     Regardless  of  the  freshwater  habitats'  potential 
to  produce  juveniles  or  protective  measures  adopted  to  return  adults  to  the 
Columbia  River,  the  inriver  juvenile  and  adult  loss  is  such  that  it  has  all  but 
displaced  totally  any  significant  sustained  yield  from  the  naturally  produced 
resource  originating  above  McNary  Dam.     Therefore,  it  is  becoming 
increasingly  apparent  that  there  is  an  immediate  need  to  recognize  this 
problem  and  develop  a  comprehensive  plan  which  draws  upon  a  well-planned 
natural  production  supplementation  program.     This  natural  production 
supplementation  would  occur  through  a  well-planned  hatchery  program 
designed  to  address  current,   natural  production  and  harvest  constraints. 

Natural  production  is  currently  being  depressed,  in  part,  due  to  lack  of 
juvenile  production  relative  to  available  rearing  habitat  and  inter-dam  loss  of 
smolts.     Harvest  is  being  constrained  in  ares  below  Bonneville  Dam  due  to 
Fifed  to  provide  court  determined  allocation.     Fishery  above  Bonneville  Dam  is 
•  onsl rained  due  to  depressed  status  of  natural  production  compound  by 
sic^Tiificcmt  intor-dam  loss  of  adults.     A  well-planned  hatchery  program  to 
supfjicmont  natural  production  can  compensate  for  the  production  loss  problem 
Mud ,   thus,   iTn  a  long  way  toward  reducing  the  harvest  management  problems. 

Thus,   any  future  hatchery  program  planning  should  be  directed  toward 
f.^kasirig  enough  smolts  (1)  to  supplement  juvenile  production  by  off-station 
iclenBos  of  the  proper  brood  stock  into  natural  rearing  habitat  which  did  not 
roneive  sufficient  seeding,   and   (2)  to  compensate  for  inter-dam  smolt  loss.     If 


the  artificial  production  facility  was  properly  sited  or  managed,  returning 
adult  production  or  off-station  plants  would  contribute  both  to  the  natural 
spawning  population  as  well  as  the  future  hatchery  brood  stock.     In  turn, 
the  hatchery  production  could  be  maintained  as  close  to  the  natural  stock  as 
possible  by  obtaining  brood  stock  in  part  from  voluntary  returns  to  the 
hatchery  and  in  part  from  the  natural  spawning  population. 

Natural  runs  of  salmon  and  steelhead  below  McNary  dam  are  less 
seriously  impacted  by  the  dams  and  it  should  be  possible  to  maintain  some  of 
these  runs  in  the  long-term  without  hatchery  supplementation.     Hatcheiry 
supplementation  is  required  in  many  of  the  areas  below  Bonneville  Dam 
because  the  harvest  rate  on  these  fish  is  generally  dictated  by  the  strength 
of  the  hatchery  return.     This  results  in  an  over-harvest  of  natural 
production.     Care  should  also  be  taken  to  protect  the  Hanford  stocks  of  fall 
Chinook  and  preserve  the  genetic  characteristics  of  this  sock. 

While  this  subobjective  might  typically  be  undertaken  by  fishery  entity 
funding,  the  increase  of  hatchery  production  as  compensation  for 
hydroelectric  development  has  placed  increasing  burdens  on  the  management 
of  natural  stocks.     Resolution  of  the  problems  caused  by  these  conflicts  and 
increased  complexity  must  therefore  be  a  burden  of  the  hydroelectric  system. 
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Task  4.6.1:  Determine  means  and  decree  of  integrating 
artificial  and  natural  production  to  optimize 
use  of  natural  habitat  and  escapement. 

Research  and  development  of  means  and  degrees  of  integrating  artificial 
and  natural  production  are  required  to  optimize  use  of  natural  habitat  and 
escapement.     Two  situations  in  the  Columbia  Basin  lead  to  the  need  to 
supplement  natural  production  areas  with  carefully  planned  releases  of 
artificially  produced  tish. 

Most  salmon  runs  destined  for  tributaries  of  the  Columbia  River  below 
Bonneville  Dam  are  regulated  by  the  management  authorities  on  the  basis  of 
hatchery  run  strength.     Hatcheiy  production  may  typically  be  harvested  at  a 
much  higher  rate  than  natural  production.     Oregon  Department  of  Fish  and 
Wildlife  (1981)  estimates  that  each  natural  spawning  female  coho  will  produce  6 
adults.     This  same  female  coho,   under  a  full  term  hatchery  rearing  program, 
will  produce  an  average  of  44  adults.     Only  4  of  the  wild  fish  may  be 
harvested  and  still  return  the  spawning  population  of  1   female  and  1  male.   On 
the  other  hand,   a  harvest  of  42  hatchery  fish  is  possible  and  still  replace  the 
original  seed.     All  salmon  and  steelhead  follow  similar  natural  and  artificial 
production  differences. 

Management  agencies,  in  the  face  of  these  differential  production  rates 
arc  presented  with  basically  two  scenarios.     If  the  regulations  are  geared  to 
crop  the  harvestable  excess  of  hatchery  returns,   the  intermingled  natural 
stocks  are  over-harvested.     In  the  instances  where  the  harvest  is  set  to  crop 
the  natural  production,   a  large  excess  of  tish  escapes  to  the  hatcherj'. 
These  problems  may  be  at  lest  partially  overcome  by  known  stock  fisheries 
(located  in  areas  where  fish  are  fairly  well  separated  into  groups  of  known 
origin)  and  by  supplemental  planting  of  suitable  hatchery  stocks  into  the 
natural  production  area. 

The  second  situation  where  supplementing  natural  production  with 
suitable  artificial  stocks  exists  in  varying  degrees  where  non-fishery 
mortalities  are  inflicted  during  migration.     For  example,   13  percent  mortality 


per  project,  accumulated  through  eight  projects  on  the  seaward  journey, 
results  in  a  total  loss  of  67  percent  by  the  time  the  migrants  reach  the 
Columbia  River  below  Bonneville  Dam.     As  a  direct  consequence  of  this 
accumulated  mortality,  it  becomes  obvious  that  natural  production  from  Snake 
River  tributaries,  as  well  as  the  upper  Columbia  River  tributaries  may  never, 
on  their  own,  support  the  level  of  harvest  formerly  provided  by  these  areas. 
A  high  proportion  of  the  fish  which  once  entered  the  tribal,  sport,  and 
commercial  fisheries  of  the  Columbia  River  Basin  and  the  Pacific  Ocean  will 
continue  to  be  denied  to  the  fishery  through  this  mortality  of  migrants. 

Extensive  compensation  in  the  form  of  hatchery  production  will  be 
required  for  the  losses  associated  with  the  Columbia  River  hydro  complex. 
Much  of  this  production  should  be  used  to  maintain  a  high  level  of  natural 
production  through  supplemental  hatchery  releases.     This  will  require 
particular  care  in  the  selection  of  stocks  to  be  used,  numbers  and  stage  to  be 
planted,  and  areas  to  be  stocked.     Research  to  determine  these  needs  must 
be  undertaken  promptly. 

There  are  several  ways  in  which  artificial  production  can  be  used  to 
assure  maximum  productivity  of  natural  rearing  areas.     Included  in  these  are: 

(1)  egg  incubation  boxes  or  channels 

(2)  fry  or  fingerling  plants 

(3)  smolt  releases 

(4)  transportation  of  maturing  adults  from  hatchery  stations 
to  natural  production  areas 

(5)  allowing  adults  produced  at  hatcheries  to  reproduce  naturally 
in  the  local  spawning  areas 

(6)  annual  selection  of  mixed  natural/hatchery  brood  stock  for 
artificial  production. 

Egg  incubation  systems  have  been  used  with  varying  degrees  of  success 
on  most  species  of  Pacific  salmon.     The  most  notable  example  of  their  use  in 
the  Columbia  River  system  occurred  in  the  1960's  in  the  Clearwater  River 
system  in  Idaho.     Spring  and  summer  chinook  were  successfully  produced  in 
incubation  channels  in  the  Selway  River.     Adult  returns  were  encouraging 
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until  migrant  losses  in  the  lower  Snake  River  dams  began  to  offset  these 
gains  (Terry  Holubetz,   pers.   comm.).     These  systems  are  most  practical 
whore  there  is  either  no  or  only  limited  competition  with  existing  natural 
production  in  the  stream.     Harsh  weather  conditions  in  many  of  the  headwater 
areas  may  limit  the  practicality  of  this  method. 

Fry  and  fingerling  plants  can  also  be  used  to  supplement  natural 
production.     Such  plants,  unless  carefully  planned,  can  seriously  impact  the 
native  stock  through  competition  for  rearing  area. 

Smolt  plants  provide  the  least  competition  with  the  naturally  produced 
populations.     Low  capital  satellite  rearing  ponds  located  in  key  production 
areas  offer  the  best  solution  for  spreading  smolt  plants  through  the  tributary 
system.     This  avoids  the  adverse  handling  and  trucking  of  smoltitled  juveniles 
and  provides  the  best  opportunity  for  overall  success. 

Transportation  of  adults,   surplus  to  egg  take  needs,  has  been  used  with 
varying  success  with  coho  and  Chinook  in  the  lower  Columbia  tributaries. 
Washington  Department  of  Fisheries  has  successfully  increased  natural 
spawning  levels  of  fall  chinook  in  the  Cowlitz  River  by  transporting  maturing 
fish  collected  at  Cowlitz  Hatchery  back  downstream  for  release  (Phinney, 
1976).     Oregon  Department  of  Fish  and  Wildlife  conducted  extensive 
transportation  of  surplus  hatchery  coho  adults  to  under-utilized  and 
unutilized  streams.     They  have  concluded  from  these  operations  that  while 
some  biological  success  is  possible  with  this  technique,  economic  factors  (cost 
of  hauling)   reduce  its  effectiveness.     Fry  plants,  at  much  less  cots, 
accomplished  the  same  goals.     This  method,   however,   may  have  certain 
applications  under  come  conditions,  as  well  as  with  other  species. 

Location  of  a  hatchery  frequently  influences  the  success  of  attracting  all 
of  its  returning  adults  back  into  the  facility.  Hatchery  produced  fall  chinook 
will  commonly  spawn  naturally  if  suitable  spawning  area  exists  below  or  in  the 
vicinity  of  the  hatchery.  Washington  Department  of  Fisheries  mark  sampling 
programs  on  such  spawning  grounds  show  this  to  occur  in  the  Hanford  Reach 
of  the  Columbia  below  Priest  Rapids  Hatchery,  in  the  Cowlitz  River  below 
Cowlitz  Hatchery,  in  the  Lewis  River  above  and  below  Lewis  River  Hatchery, 
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as  well  as  all  other  areas  with  suitable  spawning  grounds.     The  degree  of 
natural  spawning  can  be  altered  by  changes  in  attraction  flow  at  the 
hatchery. 

Programs  are  presently  underway,  primarily  in  the  Columbia  River 
tributaries  below  Bonneville  Dam,  to  supplement  natural  salmon  production 
with  artificially  produced  fish  either  through  off-station  plants,  as  well  as 
through  natural  spawning  of  hatchery  returns  (planned  or  unplanned).     Such 
activities  have  been  extended  to  the  upper  river  tributaries,  but  on  a  limited 
basis  only.     This  limitation  is  primarily  the  result  of  an  insufficient  number  of 
eggs  or  fry  of  suitable  stock.     Virtually  every  available  egg  in  the  upper 
Columbia  River  has  gon  toward  fulfilling  rearing  program  needs.     This  will 
continue  to  be  the  case  until  hatchery  brood  stocks  are  fully  devloped. 

There  clearly  exists  a  need  to  fully  develop  and  implement  natural 
production  supplementation  techniques.     Research  is  required,  and  in  some 
instances  already  planned  or  underway,  which  will  lead  the  fisheries  agencies 
into  a  carefully  considered  program  for  increasing  natural  production  through 
off-station  use  of  hatchery  production.     This  will  provide  partial  compensation 
for  losses  incurred  through  the  construction  and  operation  of  the  Columbia 
River  hydroelectric  system. 

Questions  which  must  be  examined  prior  to  implemention  such  programs 
basin-wide  include: 

(1)  What  stocks  and  species  are  suitable  for  planting  in  natural 
production  systems  in  various  areas  of  the  basin. 

(2)  In  what  areas  have  the  native  runs  declined  to  a  "point  of  no 
return?"  Runs  in  such  areas  could  possibly  be  re-established 
through  introduction  on  non-indigenous  stocks. 

(3)  What  planting  rates  are  required,  by  species  and  area,  to  maximize 
use  of  natural  production  areas? 
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(4)  At  what  stage  (egg,  fingerling,  smolt,  adult)  should 
supplementation  occur  to  minimize  impact  on  native  or  naturally 
rearing  stocks?  and 

(5)  What  are  the  harvest  management  implications,  by  stock  and  area? 

Recommendation :     That  the  Power  Planning  Council  include  in  its  Fish  and 
Wildlife  Program  research  funded  by  power  revenues  to  determine  the  best 
manner  to  supplement  natural  and  stocks  with  hatchery  fish,  particularly  in 
the  upper  Snake  and  Columbia  rivers,  to  increase  natural  stocks. 
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Tftsk  4.fi.2:     Maintain  wild  production  of  sprinpf  Chinook  in  the 
Willamette  River  by  developincj  maximum  utilization 
of  remaining  rearing  areas  through  releases  of  hatchery 
spawned  juveniles. 

Introduction:     Construction  of  high  dams  in  the  Northwest  has  frequently 
removed  vast  areas  of  spawning  and  rearing  stream  from  the  access  of 
anadromous  fish.     Most  frequently  mitigation  for  these  lost  production  areas 
has  been  effected  by  artificial  production.     Often  this  has  not  been  effective 
in  replacing  the  numbers  of  fish  lost.     In  other  cases,   fish  numbers  are 
replaced  or  even  enhanced.     However,   the  replacement  efforts  substitute 
hatchery  fish  for  wild  fish.     Continued  harvest  on  the  replacement  fish  is 
most  often  based  on  numbers  available  to  crop .     Hatchery  stocks  are  able  to 
sustain  a  higher  harvest  rate  than  wild  stocks  due  to  high  survival  from  e^^ 
to  smolts.     The  eventual  result  is  that  dwindling  stocks  of  wild-reared  fish 
continue  to  be  further  reduced  through  continued  heavy  harvest  in  the 
fisheries.     Thus,  areas  still  capable  of  supporting  wild-reared  salmonids 
become  chronically  under-seeded  as  a  result  of  under-escapement  of  wild 
spawners. 

One  way  to  restore  wild-rearing  populations  of  anadromous  fish  to 
under-seeded  stream  areas  is  to  stock  pre-smolt  fish  from  hatcheries  into 
these  waters.     Released  juveniles  capable  of  competing  in  the  natural 
environment  will  survive ,  emigrate ,  and  provide  adult  returns  destined  for 
the  available  spawning  areas,   rather  than  hatcheries. 

('urrent  Status:     An  aggressive  program  of  pre-smolt  release  is  currently 
underway  with  coho  in  Oregon's  coastal  streams  that  suffer  from  over-harvest 
of  wild  adults  in  offshore  fisheries.     This  work  is  being  evaluated  through 
the  "STEP"  Program  (Dick  Herrig,   ODFW,  in  progress). 

The  Willamette  system  may  profit  from  introductioii  of  pre-smolts.     For 
example,   the  run  of  adult  spring  chinook  salmon  is  estimated  to  be  2/3  to  3/4 
hatchery  fish.     These  fish  are  intensively  harvested  in  the  ocean,  lower 
Columbia,   and  Willamette  River  fisheries.     Improvement  in  production  of 
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hatchery-reared  fish  are  geared  to  doubling  the  current  return  of  spring 
Chinook  by  1985  to  meet  compensation  requirements  along  with  commensurate 
anticipated  increases  in  harvest  levels  (Willamette  Basin  Fish  Management 
Plan,   1980,  ODFW,  Portland,   OR.). 

While  returns  of  hatchery  fish  may  increase  markedly,  indications  of  wild 
spawning  of  spring  chinook  in  the  Willamette  Basin  continue  to  decline.     The 
McKenzie  River  is  regarded  as  the  major  wild-spawning  stream  in  the  basin. 
In  1958-59,  about  11,000  spring  chinook  per  year  ascended  Leaburg  Dam  to 
spawn  in  the  upper  McKenzie  River.     From  1970  to  1980,  counts  of  spring 
Chinook  over  Leaburg  Dam  averaged  2,540  per  year  (1980,  Willamette  River 
Spring  Chinook  Salmon  Run,   Melvin  D.   Collins,   ODFW,   Clackamas,  OR.). 

Needed  Research;     Stream  areas  in  the  Willamette  that  are  chronically 
under-seeded  with  wild-rearing  fish  must  be  identified.     Where  introduction 
appears  suitable,  experimental  groups  of  pre-smolts  should  be  introduced  and 
survival,  emigration,   and  adult  contribution  evaluated.     Where  positive  results 
occur,  sufficient  extended  studies  should  be  pursued  to  develop 
recommendations  for  suitable  stocking  densities  relative  to  eftects  of  impacts 
on  resident  fish  species  and  increasing  wild  adult  escapements. 

Results:     Expected  results  will  include: 

1.  Effective  use  of  presently  underutilized  available  rearing  areas. 

2.  Total  increase  in  recruitment  of  fish. 

3.  Increased  production  of  wild-reared  fish  which  wiU  improve  escapement 
of  adults  destined  to  spawn  in  the  wild.     Present  estimated  increase  in 
wild  spawned  adult  spring  chinook  returning  to  the  Willamette  above 
Willamette  Falls  would  be  8,000  for  a  total  annual  economic  benefit  to 
fisheries  of  $3,374,000.     Annual  minimum  operating  cost  to  Bonneville 
Power  Administration  rate  payers  to  replace  this  last  segment  of  the 
spring  chinook  run  in  the  Willamette  would  be  approximately  $450,000  in 
FY  83. 
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Scope  of  Work: 

1.  Identify  currently  under-seeded  stream  areas. 

2.  Collect  background  data  on  existing  fish  population  parameters  for 
enough  years  to  derive  statistically  valid  wild  production  levels. 

3.  Introduce  experimental  populations  of  distinctly-marked  sub-smolt  spring 
Chinook  (200 /lb.)  in  selected  stream  areas. 

4.  Monitor  chinook  rearing  (distribution,   density,   growth),  emigration 
(Willamette  Falls  emigrant  sampler) ,   and  adult  contribution  (fisheries 
catches,   adult  passage  at  Willamette  Falls,   spawning  surveys). 

5.  Compare  resident  fish  population  parameters,   pre-  v.   post -introduction. 

6.  Monitor  adult  spawning  populations  over  at  least  4  generations  of 
returns. 

7 .  Recommend  stocking  densities  for  pre-smolts  commensurate  with  resident 
fish  and  wild  spawning  concerns. 

8.  Using  data  derived  in  the  study  areas,   recommend  pre-smolt  stocking 
densities  for  main  tributaries. 

Recommendations:     That  the  Power  Planning  Council  include  in  its  Fish  and 
Wildlife  Program  studies  on  the  supplementation  of  wild  spring  chinook  with 
hatchery  pre-smolts  in  the  Willamette  Basin  to  increase  total  salmon 
production. 
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Task  4.6.3:  Adopt  hatchery  practices  which  allow  known  stock  fisheries. 

The  need  for  known  stock  fisheries  has  long  been  recognized  in  the 
Coltrrbia  River  and  elsewhere  in  the  Pacific  Coast  salnwn  fisheries.  This  need 
becomes  particularly  critical  in  times  and  areas  where  a  given  population  of 
fish  consists  of  a  mixture  of  healthy  and  depressed  stocks.  In  the  last 
several  years,  known  stock  fisheries  have  been  conducted  in  the  lower  Colnrbia 
River  in  order  to  harvest  hatchery  returns  of  Chinook  and  coho  while,  at  the 
same  time,  affording  protection  to  depressed  upriver  runs  of  chinook  and 
steelhead. 

There  are  several  considerations  which  must  be  kept  in  mind  in  the 
planning  and  innplementation  of  known  stock  fisheries.  First,  these  fisheries, 
where  isolated  by  area,  are  seldom  totally  free  of  some  level  of  abundance  of 
the  stock  requiring  protection.  Such  fisheries  are  frequently  confined  to 
non-traditional  areas  and  conducted  in  a  non-traditional  manner.  As  such, 
they  have  not  been  particularly  popular  among  the  comnercial  fishery 
clientele.  Such  sport  fisheries  tend  to  be  crowded  with  decreased  aesthetic 
value  to  some  of  the  participants. 

Known  stock  fisheries  need  not  be  isolated,  in  all  instances,  by  areas. 
Separation  by  run-timing  differences  may  be  equally  as  valuable  for  the 
protection  of  depressed  stocks.  AcWitionally,  this  overcomes  several  of  the 
objections  listed  above  to  the  separation  by  area  restrictions.  Total 
separation  by  time,  as  by  area,  is  not  likely. 

While  the  concept  of  know  stock  fisheries  frequently  is  opposed  by  the 
user  groups,  there  is  little  question  that  the  total  harvest  of  fish  can  be 
increased  with  this  management  tool. 

A  team  of  fishery  and  hatchery  specialists  from  agencies  and  tribes  with 
fishery  management  responsibilities  should  be  assentoled  to  develop  an 
inplementation  plan  for  further  development  and  refinement  of  known  stock 
fisheries.  This  innplementation  plan  must  carefully  consider  the  concerns  of 
Indian,  sport,  and  comriercial  interests. 
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Among  the  items  which  must  be  addressed  are: 

1.  Feasible  locations  of  known  stock  fisheries  (certainly  not  be 
limited  to  the  Icxver  river  areas). 

2.  Hatchery  techniques  suitable  for  enhancing  known  stock  fisheries. 

A.  CTianges  in  planting  location. 

B.  Selection  of  stocks  with  timing  differences  which  provide 
separation  from  stocks  which  cannot  withstand  additional 
fishing  pressure. 

3.  Inpact  of  known  stock  fisheries  on  non-target  stocks. 

4.  Harvest  management  implications,  including  adaptability  and 
acceptance  by  tribal,  sport,  and  comiiercial  fisheries. 

Recommenda t i ons :  That  the  Power  Planning  Council  include  in  its  Fish  and 
Wildlife  Program  the  development  of  an  inplementation  plan  to  develop  the  use 
of  some  hatchery  fish  for  known  stock  fisheries.  Thereby  maximizing  public 
benefit  of  hatchery  production  and  relieving  fishing  pressure  on  natural 
stocks. 
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CHAPTER   5 


OBJECTIVE  V: 

Power   Planning   and 

Management 


OBJECTIVE  V  -  POWER  PLANNING  AND  MANAGEMENT 


Introduction:     As  discussed  previously,   much  of  the  decline  of  anadromous  fish 
runs  can  be  attributed  to  the  failure  of  institutions  responsible  for  power  and 
river  management  and  operation  to  adequately  address  fishery  needs.     Unless 
these  institutions  re-orient  their  decisionmaking  and  accept  fisheries  as  a 
legitimate  purpose  in  the  management  and  operation  of  the  power  system,  all  of 
the  substantive  recommendations  made  in  this  report  will  meet  the  same  fate  as 
previous  efforts.     The  Power  Act  provides  for  a  new  mechanism  for 
improvement,  but  improvement  will  only  occur  with  the  cooperation  of 
responsible  utilities,   power  managers,  and  river  management  coordinators. 

Traditionally,  fishery  needs  have  been  treated  as  a  secondary  or 
"soff'constraint  in  the  operation  of  the  river,   while  power  production  has  been 
considered  as  a  primary  or  dominant  constraint.     In  consequence,   fishery 
needs  are  only  taken  into  account  after  all  major  power  system  decisions  have 
been  made,  if  they  are  taken  into  account  at  all.     This  approach  is  both 
disruptive  and  conflict-ridden.     Instead  of  attempting  to  accommodate 
disparities  between  fish  and  power  production  through  advanced  planning  and 
early  coordinated  decisionmaking,   fishery  needs  are  treated  as  a  last  minute 
burden  on  power  operations — if  meeting  fish  needs  looks  difficult,  the  fish  end 
up  with  little  or  nothing.     In  dry  years,   major  political  confrontations  between 
fishery  and  power  interests  have  become  the  norm. 

The  current  situation  cannot  continue.     Either  the  institutions  responsible 
for  power  planning,   management,   and  operation  of  the  river  must  must  modify 
their  treatment  of  fisheries  and  incorporate  fisheries  into  their  basic 
assumptions  for  operation  of  the  river,  or  the  ultimate  extinction  of  up  river 
runs  must  be  accepted.     Realistically,   there  is  no  middle  ground. 

The  Power  Act  is  an  ambitious  attempt  to  transcend  the  traditional 
treatment  of  fishery  needs  through  new  legislative  requirements.     Instead  of 
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viewing  fishery  needs  as  external  factors  secondary  to  power  generation,  the 
Power  Act  requires  the  incorporation  of  fishery  needs  in  power  system 
decisionmaking.     With  respect  to  fisheries,  this  approach  is  the  only  way  to 
preserve  upriver  salmon  and  steelhead.     With  respect  to  power  production, 
this  approach  is  the  only  way  to  use  the  flexibility  of  the  power  system  to 
meet  fishery  needs  efficiently  and  at  minimum  economic  cost. 

On  repeated  occasions,  staff  of  the  various  utility,  power  management, 
and  power  coordinating  groups  have  told  fish  and  wildlife  agencies  and  Indian 
tribes  that  they  could  certainly  improve  the  treatment  of  fisheries  in  the  power 
system  if  allowed  or  directed  to  do  so.     Because  authority  or  directives  of  this 
sort  have  not  been  provided,  the  staff  who  actually  run  the  power  system  and 
the  river  are  hobbled  in  efforts  to  accommodate  fishery  needs.     Simply  stated, 
fisheries  considerations  have  not  been  included  as  an  integral  component  of  job 
descriptions,   performance  guidelines,   and  organizational  missions.     If 
institutional  change  is  actually  to  occur,  it  is  the  leadership  of  the  utilities, 
power  managers,  and  power  coordinating  groups  who  must  actively  re-orient 
and  rc-direct  staff  and  organizational  efforts,  in  a  "top-down"  approach. 

Institutional  change  must  be  expected  to  encounter  significant  resistance 
from  within  the  power  system.     As  the  agencies  have  seen  from  their 
experience  with  Bonneville  Power  Administration  power  sales  contracts  and 
similar  issues,  even  minimal  attempts  to  reflect  or  incorporate  fisheries 
constraints  provoke  emotional  objection  from  certain  sectors.     If  incorporation 
of  fisheries  into  the  power  system  was  going  to  be  an  easy  task,  it  would  have 
been  done  long  ago  using  the  authorities  provided  by  the  Fish  and  Wildlife 
Coordination  Act.     In  essence,  the  Power  Act  directs  that  institutional 
resistance  can  no  longer  continue.     Substantial  effort,   full  cooperation  from 
the  power  system,  and  patience  is  required. 

Current  Conditions:     Before  describing  specific  recommendations  for  improved 
power  planning  and  management  and  fisheries  representation,  it  is  useful  to 
first  examine  current  conditions,  i.e.,   how  and  to  what  extent  fisheries  are 
now  being  included  in  power  system  decisionmaking. 
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The  Hydro-Thermal  System 

The  current  plans  for  the  Northwest  power  system  contemplate  a 
transition  from  using  hydroelectric  power  for  baseload  energy  to  the  new 
"hydro-thermal"  system,   where  hydroelectric  power  would  be  used  for 
peaking  and  thermal  power  would  be  used  for  baseload  energy.     The 
transition  to  the  hydro-thermal  system  is  expected  to  occur  during  the 
current  decade,  the  1980' s.     Projected  increases  in  hydroelectric  peaking 
would  result  in  increased  intensity  and  duration  of  river  fluctuations,   an 
operation  that  would  dramatically  increase  already  severe  impacts  on 
anadromous  fisheries.     Nevertheless,   fishery  constraints  on  the 
hydro-thermal  system  have  received  no  meaningful  consideration;  they  are 
simply  not  assumed  as  basic  limitations  on  system  development  and 
operations,  unlike  flood  control,  irrigation,  and  power  generation. 

In  the  late  1970's,  in  response  to  a  legal  challenge  by  the  Natural 
Resource  Defense  Council  under  the  National  Environmental  Policy  Act, 
the  Bonneville  Power  Administration  prepared  a  draft  environmental  impact 
statement  on  the  hydro-thermal  system  and  the  "one  utility  concept."     In 
1980,  the  draft  statement  was  revised,   followed  by  a  final  environmental 
impact  statement  entitled,  "The  Role  of  the  Bonneville  Power 
Administration  in  the  Pacific  Northwest  Power  Supply  System"   (January 
21,  1981).     In  order  to  encourage  incorporation  of  fishery  constraints  on 
hydro-thermal  operations,  particularly  peaking  operations,   National  Marine 
Fisheries  Service  and  others  submitted  detailed  comments  on  the  draft 
statement.     For  the  most  part,   comments  of  National  Marine  Fisheries 
Service  went  unaddressed  in  the  final  statement,  as  discussed  previously. 

Optimal  use  of  the  Columbia  River  system  for  the  hydro-thermal  concept 
has  been  assumed  among  utilities  and  power  managers  as  the  future 
framework  of  the  Northwest  power  system.     Clearly,  this  assumption  must 
be  modified  in  view  of  Power  Act  requirements  for  protection,  mitigation, 
and  enhancement  of  anadromous  fisheries,  including  related  spawning 
grounds  and  habitat.     However,  to  date,  the  concept  of  the 
hydro-thermal  system  remains  a  tenet  of  the  power  system. 


cni 


Power  Planning  and  Management 

Power  planning  and  management  throughout  the  Northwest  is  constrained 
and  guided  by  several  agreements  and  by  well-established  utility  practice. 
For  outside  observers,  it  is  sometimes  difficult  to  distinguish  between  the 
two,  and  they  are  frequently  equated  by  Northwest  utility 
representatives . 

The  applicable  documents  for  power  planning  and  management  include  the 
U.S. -Canada  Columbia  River  Treaty;   the  Pacific  Northwest  Coordination 
Agreement;   the  Mid-Columbia  Hourly  Coordination  Agreement;   Memoranda 
of  Understanding  between  Bonneville  Power  Administration  and  the  Corps 
of  Engineers  and  the  Bureau  of  Reclamation,   respectively;   the  Intertie 
Agreement;   and  various  contractual  agreements  for  transmission  and 
scheduling  of  power.     Related  practices  include  the  operation  of  the 
Columbia  River  Water  Management  Group,  preparation  of  the  assured  and 
detailed  operation  plans,   the  preparation  of  annual  and  weekly  operating 
plans,  the  development  of  the  Pacific  Northwest  Utilities  Conference 
Committee  Westgroup  Forecast,  and  Bonneville  Power  Administration  power 
scheduling  arrangements  with  federal  water  management  agencies.     In 
virtually  all  of  these  agreements  and  activities,  fisheries  receive  minimal, 
if  any  consideration,  and  fish  and  wildlife  agencies  and  Indian  tribes  are 
unrepresented.     Without  full  representation  and  consideration  at  this  level 
of  power  system  decisionmaking,  fishery  interests  are  beggars  rather  than 
full  participants  in  the  determinations  of  river  management  flexibility  for 
multiple  uses. 

The  Committee  on  Fishery  Operations 

Within  the  full  range  of  power  planning  and  management  decisions, 
fisheries  representation  is  limited  to  participation  in  the  Committee  on 
Fishery  Operations  (COFO),  which  was  established  in  1976  under  the 
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auspices  of  the  Columbia  River  Water  Management  Group.* 

Current  membership  on  COFO  consists  of  the  National  Marine  Fisheries 
Service,   Fish  and  Wildlife  Service,   Oregon  Department  of  Fish  and 
Wildlife,  Washington  Departments  of  Fisheries  and  Game,   Idaho  Department 
of  Fish  and  Game,   Columbia  River  Inter-tribal  Fish  Commission,   Corps  of 
Engineers,  Bonneville  Power  Administration,   Bureau  of  Reclamation,  the 
mid-Columbia  public  utility  districts,   and  the  Idaho  Power  Company. 
COFO  is  an  ad-hoc  group,   with  no  formal  membership,   no  written 
charter,   and  no  clearly  defined  status.     As  a  consequence,  the  role  of 
COFO  has  emerged  over  time,   and  it  currently  acts  as  a  more  effective 
vehicle  for  expression  of  fishery  interests  than  it  has  in  the  past. 

Generally,   COFO  performs  in  the  following  manner.     In  November,  the 
Committee  meets  to  prepare  a  report  on  the  previous  year's  operations 
concerning  juvenile  migration.     Early  in  the  year,  COFO  meets  to  prepare 
an  Implementation  Plan  for  the  juvenile  migration  period,  which  generally 
includes  a  fishery  operating  plan  and  specific  implementation 
responsibilities,  with  primary  emphasis  on  flows,   spill,  and  research. 
The  Implementation  Plan  is  then  used  by  the  water  management  agencies 
in  establishing  their  spring  operations. 

COFO  as  it  presently  functions  has  not  provided  fisheries  agencies  with 
full  partnership  and  equality  in  management  of  the  river.     The  Committee, 
lacking  authority,  operates  using  the  lowest  common  denominator,   doing 


* 


The  Columbia  River  Water  Management  Group  was  established  in  1967.     The 
purpose  of  the  Group  is  "to  consider  problems  relating  to  operation  and 
management  of  water  control  facilities,"  including  compilation  of  project 
operation  data  and  water-use  requirements  and  seasonal  runoff  forecasting. 
Membership  is  drawn  from  agencies  "involved  in  the  operation  and  management 
of  water  control  facilities  or  forecasting  of  streamflows,"  and  currently 
includes  Bonneville  Power  Administration,  Bureau  of  Reclamation,   Corps  of 
Engineers,   and  others. 
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the  best  job  nossible  friven  the  constraints  imposed  on  implementation  of 
fishery  needs.     The  COFO  Implementation  Plan  contains  little  directive  of 
a  binding  nature,   relying  on  wording  such  as  "every  effort,"  "will 
attempt  to,"  "may  allow,"  "insofar  as  possible"  to  condition  the 
commitment  of  the  federal  water  managers  and  non-federal  project 
operators.     Nevertheless,   COFO  has  heralded  the  start  of  a  new 
cooperative  eftort,  and  COFO  activities  on  behalf  of  fish  have  clearly 
improved  over  the  years. 

In  the  past  two  years,  the  COFO  Implementation  Plan  has  lead  to  the 
establishment  of  the  position  of  Smolt  Coordinator,   a  full-time  position 
funded  by  Bonneville  Power  Administration,     During  the  juvenile  migration 
period  the  Smolt  Coordinator  coordinates  flow  and  spill  from  April  to 
June,   as  well  as  hatchery  releases  related  to  flow  operations.     The 
Coordinator  also  monitors  the  progress  and  success  of  juvenile 
outmigration .     This  development  of  a  Coordinator  position  has  been  a 
promising  new  outgrowth  of  COFO  for  power  and  tishery  operations.     The 
funding  of  such  a  position  by  Bonneville  Power  Administration  is 
recognition  of  the  budgetary  limitations  which  constrain  involvement  of  the 
fishery  agencies  in  power  planning,   management,  and  operation  decisions. 

Other  Areas 

The  fishery  agencies  and  Indian  tribes  are  active  in  many  proceedings 
and  review  processes  which  concern  the  relationship  between  power 
production  and  anadromous  fish,   with  the  goal  of  preserving  the  resource 
and  restoring  productive  sport,   commercial,  and  Indian  fisheries.     The 
fishery  agencies  generally  participate  in  accordance  with  the  Fish  and 
Wildlife  Coordination  Act  and  related  authorities,  while  the  Indian  tribes 
generally  raise  issues  related  to  treaty  obligations. 

Comment  and  participation  generally  fall  into  three  categories:     comment 
on  environmental  review  documents  for  federal  projects,   participation  in 
proceedings  for  non-federal  hydroelectric  projects,   and  review  and 
comment  on  new  initiatives  under  the  Power  Act. 
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In  the  first  category  representative  agencies  and  tribes  generally  submit 
detailed  comments  on  proposed  power-related  developments  at  federal 
projects  on  the  Columbia  and  Snake  rivers.     For  example,  authorization 
and  construction  of  the  Bonneville  Second  Powerhouse,  authorization  of 
the  McNary  Second  Powerhouse,   and  modification  of  other  existing 
projects  received  detailed  review  and  comment.     Fishery  agency  experts 
on  fish  passage  design  criteria  worked  closely  with  the  project  operators 
to  minimize  the  impact  of  the  developments  and  to  seek  improvements 
where  possible. 

In  the  second  category,  representative  agencies  and  Indian  tribes  are 
frequent  intervenors  in  proceedings  before  the  Federal  Energy  Regulatory 
Commission.     These  include  license  decisions  on  projects  operated  by 
Idaho  Power  Company  on  the  Snake  River  and  by  Grant,   Chelan,  and 
Douglas  counties  public  utility  districts  on  the  Columbia  River.     In  the 
past,  agency  representatives  have  also  participated  in  Federal  Energy 
Regulatory  Commission  proceedings  concerning  the  proposed  Asotin  Project 
on  the  Snake  River,  a  project  which  was  not  pursued  based  on  adverse 
fishery  and  other  environmental  effects. 

in  the  third  category,  representative  agencies  and  tribes  have  submitted 
detailed  comments,  participated  in  hearings,   and  attended  negotiations 
concerning  several  Bonneville  Power  Administration  initiatives  under  the 
Power  Act.     To  date,  these  include  power  sales  contracts,  billing  credits, 
resource  acquisition,  and  rates.     In  the  future,  other  areas  of 
involvement  will  include  environmental  cost-benefit  evaluations  and  other 
aspects  of  power  planning  and  management. 

In  all  of  these  activities,  the  fishery  agencies  and  Indian  tribes  are 
generally  viewed  as  "outsiders"  to  the  process,  accorded  a  role  which 
differs  little  from  the  role  of  an  interested  member  of  the  public.     Few 
concessions  have  been  made  to  the  agencies  and  tribes'  responsibilities, 
substantial  expertise,  and  legal  rights  in  fishery  matters.     Their 
comments  and  advocacy  have  met  with  mixed  response  from  utilities  and 
others  and  have  not  generally  resulted  in  significant  improvements  to 
anadromous  tishery  resources. 
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rtihobJRctive  5.1:     Ensure  that  formal  agreements  respecting 

planning  and  management  of  the  power  system, 
and  utility  practices  in  planning  and  management 
of  the  power  system ,   fully  internalize  the 
fisheries  program  and  provide  for  equitable 
treatment  of  fisheries. 

Task  5.1.1:     Within  one  month  of  program  adoption,  obtain  a 
Bonneville  Power  Administration  written  report 
which  analyzes  power  system  decisionmaking  to 
assess  where  and  how  the  fisheries  program 
(including  amendments)  can  be  fully  accommodated. 

Discussion:     The  Bonneville  Power  Administration  analysis  should  be 
comprehensive,   detailed,   and  written  in  lay  terms;   should  highlight  and 
explain  decision  points  where  fisheries  input  could  be  provided  at  the  earliest 
possible  opportunity;   and  should  be  designed  to  fully  utilize  the  flexibility  of 
the  river  and  power  system  to  meet  tisheries  objectives  at  minimum  cost. 
Specific  areas  addressed  in  the  report  should  include  but  not  be  limited  to 
power  planning  meetings  under  the  Pacific  Northwest  Coordination  Agreement 
(including  the  annual  6(d)  meeting),   planning  pursuant  to  the  U.S. -Canada 
Columbia  River  Treaty,   development  of  operating  criteria,   actions  under  the 
Northwest  Power  Pool  Principles  and  Procedures,   federal  power  scheduling 
decisions,  intertie  arrangements,   and  transmission  agreements. 

In  view  of  Bonneville  Power  Administration's  expertise  in  power  system 
decisionmaking  and  the  urgent  need  for  an  analysis  of  this  sort,   a  one-month 
deadline  is  recommended. 

As  discussed  previously,  institutional  changes  are  critical  if  the  Fish  and 
Wildlife  Program  is  to  have  its  intended  remedial  effect  on  the  Region's 
anadromous  fishery  resources.     The  Bonneville  Power  Administration  report 
will  provide  a  blueprint  of  the  necessary  institutional  change  and  assist  the 
new  partnership  and  equal  status  of  tisheries  in  power  system  decisionmaking. 
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Additionally,  the  Bonneville  Power  report  might  well  provide  a  basis  for 
supplemental  amendments  to  Objectives  V  and  VI. 


Recommendation :     That  the  Power  Planning  Council  include  in  its  Fish  and 
Wildlife  Program  direction  to  Bonneville  Power  Administration  to  prepare  a 
written  analysis  of  the  power  system  decisionmaking  and  fisheries  involvement 
within  one  month  from  program  adoption. 


I 
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'T'npk  5.1.2;        Prenare,   as  part  of  the  fisheries  oroeram, 
a  formal  interpretation  of  the  U.S. -Canada 
Columbia  River  Treaty,   and  develop  a  formal 
affreement  with  the  desiprnated  U.S.   entities  that 
fish  flows  will  be  incorporated  into  short-  and 
long-term  planning  under  the  Treaty. 

Discussion;         The  United  States-Canada  Columbia  River  Treaty  is  frequently 
described  as  excluding,   and  in  fact,  prohibiting  operations  beneficial  to 
fisheries.     This  interpretation  of  the  Treaty  is  cited  to  buttress  contentions 
that  the  extensive  Canadian  storage  cannot  be  utilized  to  meet  fish  flow 
requirements.     However,   an  examination  of  the  Treaty  does  not  dictate  such  a 
restrictive  reading. 

Although  fisheries  purposes  are  not  specifically  mentioned  in  the  Treaty 
(as  are  hydroelectric  power  generation  and  flood  control) ,   "other  benefits" 
associated  with  the  expanded  storage  are  recognized  [  (Preamble)  1 .     These 
other  benefits  could  certainly  include  fish  flows.     Additional  sections  of  the 
Treaty  also  support  this  conclusion.     For  example.   Article  XI,  entitled  "Use 
of  Improved  Stream  Flow,"  expressly  provides  for  improved  stream  flows, 
even  if  not  used  for  hydroelectric  power  generation.     Moreover,   Article 
VII(4)  of  the  Treaty  specifically  states  that  water  may  be  released  from 
storage  and  actually  bypass  the  U.S.   dams  without  power  generation  under 
the  terms  of  the  Treaty. 

In  this  connection,  it  is  interesting  to  note  that  the  Columbia  River 
Treaty's  Permanent  Engineering  Board,  in  its  Annual  Report  to  the 
Governments  of  the  United  States  and  Canada,   September  30,   1979  states: 

"Streamflows  have  been  manipulated  for  nonpower  purposes  such  as 
accommodating  construction  in  river  channels  and  providing  water  to 
assist  the  downstream  migration  of  juvenile  fish  in  the  United  States. 
These  arrangements  will  supplement  Treaty  operation  plans  and  have  not 
created  conflicts  with  operations  under  those  plans.     The  effects  have 
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been  beneficial  in  both  countries  in  accordance  with  the  intent  of  the 
Treaty." 

Instead  of  a  Treaty  prohibition,   there  appears  to  be  an  economic 
prohibition  against  to  use  Canadian  storage  for  fish  flows.     If  water  is 
released  for  fish  and  is  also  used  for  hydroelectric  power  generation,  then 
Canada  is  entitled  to  one-half  of  the  downstream  power  benefits.     On  the 
other  hand,  if  water  is  released  and  bypasses  the  dams  (which  would  occur  in 
case  of  spiU  to  aid  fish  migration) ,  then  the  entitlement  of  Canada  is 
satisfied.     Of  course,  water  released  from  storage  for  fish  flows  would  most 
likely  be  used  for  hydroelectric  generation,  although  the  timing  of  generation 
may  not  assure  a  top  price. 

Furthermore,  the  Canadian  entitlement  to  one-half  of  the  power  benefits 
is  less  of  a  complication  than  it  might  first  appear.     Canadian  entitlements 
have  actually  been  transferred  to  U.S.  utilities,  which  in  turn  have 
transferred  the  entitlement  power  to  the  Bonneville  Power  Administration. 

Implementation  of  the  Treaty  occurs  within  the  framework  of  short  and 
long-term  hydroelectric  operating  plans.     To  utilize  the  full  flexibility  of  the 
Northwest  power  system  in  furtherance  of  the  fisheries  program,  the 
operating  plans  must  be  revised  to  include  fish  flow  requirements  as  basic 
planning  assumptions. 

Recommendation :     That  the  Power  Planning  Council  include  in  its  Fish  and 
Wildlife  Program  a  formal  interpretation  of  the  United  States-Canada  Columbia 
River  Treaty  and  obtain  a  formal  agreement  which  will  provide  that 
development  of  all  hydroelectric  operation  plans  incorporate  and  implement  the 
Fish  and  Wildlife  Program  (including  amendments). 
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Task  5.1.3:        That  the  Power  Planning  Council  as  part 
of  the  fisheries  proecram  make  a  formal 
interpretation  and  if  tiocessary ,   an  amendment 
of  the  terms  of  the  Pacific  Northwest  Coordination 
Agreement,   which  reflects  the  requirement  that 
the  fisheries  program  (as  amended) ,  includinfr 
equitable  treatment  of  fisheries,  be  incorporated 
into  all  aspects  of  power  planning  and  decisionmaking 
under  the  agreement. 

Discussion:         Like  the  Columbia  River  Treaty,  the  Pacific  Northwest 
Coordination  Agreement  is  frequently  cited  as  orohibiting  fisheries-related 
project  operations.     In  the  case  of  the  Coordination  Agreement,  this 
contention  is  contradicted  by  the  actual  terms  of  the  Agreement.     Section  15 
provides: 

Nothing  in  this  agreement  shall  require  a  party  to  operate  a  project  in  a 
manner  inconsistent  with  its  requirements  for  nonpower  uses  and 
functions,   and  no  party  shall  be  considered  in  violation  of  this 
agreement  or  suffer  any  penalty  thereunder  because  of  any  project 
operations  undertaken  in  good  faith  for  the  purpose  of  preserving 
priority  to  such  nonpower  uses  or  functions..." 

Clearly,   "requirements  for  nonpower  uses  and  functions"  must  include 
operational  constraints  designed  to  protect,   mitigate,  and  enhance  fish  and 
wildlife.     In  meetings  and  decisions  made  pursuant  to  the  Coordination 
Agreement,  including  the  annual  planning  meeting  pursuant  to  Sec.   6(d),  this 
means  that  fishery  constraints  must  be  brought  to  the  table  as  basic  planning 
assumptions. 

Apparently,   past  disregard  of  fishery  constraints  have  focused  on  the 
term  "requirements."     Some  fishery  constraints  have  b^en  viewed  by  the 
parties  to  the  Agreement  as  "hard"  requirements,   which  must  be  assumed  in 
power  planning,   while  others  have  been  viewed  as  "soft"  requirements.     Soft 
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requirements  are  accommodated  only  if  they  can  be  easily  met  within  other 
"hard"  constraints,   such  as  power  generation  and  other  commitments. 

Accordingly,   the  fishery  agencies  and  Indian  tribes  recommend  that  a 
formal  interpretation  be  obtained  from  the  parties  to  the  Coordination 
Agreement  which  clarifies  that  the  fisheries  program  must  be  considered  as  a 
"requirement  for  nonpower  uses  and  functions"  within  the  meaning  of  the 
Agreement.     This  would  mean  that  the  fisheries  program  would  be  established 
as  a  basic  assumption  in  planning  and  decisions  conducted  under  the 
Agreement. 

There  is  some  precedent  for  this  interpretative  approach  to  the 
Coordination  Agreement.     An  October  1,   1981  contractual  letter  prepared  by 
Bonneville  Power  Administration  concerning  the  recent  long-term  power  sales 
contracts  essentially  provides  a  new  interpretation  of  the  Coordination 
Agreement.     If  an  interpretation  of  the  Agreement  would  not  be  possible, 
then  modification  must  be  considered. 

Recommendation :     That  the  Power  Planning  Council  include  in  its  Fish  and 
Wildlife  Program  a  formal  interpretation,   (and  if  necessary,  require  an 
amendment  of  the  terms) ,  of  the  Pacific  Northwest  Coordination  Agreement 
which  reflects  the  requirement  that  the  fisheries  program  (as  amended), 
and  equitable  treatment  for  fisheries,  be  incorporated  as  a  "hard  constraint" 
into  all  aspects  of  power  planning  and  decisionmaking  under  the  agreement. 
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Task  5.1.4:        Require  the  use  of  fishery  operating  criteria 

in  all  power  planning,  manafcement,  and  operations, 
to  the  same  extent  and  on  the  same  basis  as  power 
rule  curves. 

Discussion:     Perhaps  the  most  important  aspect  of  power  planning, 
management,  and  operations  is  the  development  and  use  of  rule  curves,  or 
guidelines  for  reservoir  operations.     Various  rule  curves  control  the  operation 
of  the  system  as  a  whole  and  of  each  hydroelectric  project. 

Just  as  operation  of  the  system  below  power  rule  curves  may  jeopardize 
power  production,  operation  of  the  system  below  fishery  flow  requirements 
would  jeoparidize  fishery  production.     Fishery  operating  criteria  would  be 
developed  from  the  flow  requirements  established  in  the  Fish  and  Wildlife 
Program. 

Recommendation :     That  the  Power  Planning  Council  include  in  its  Fish  and 
Wildlife  Program  the  development  of  tishery  operating  criteria  as  a  practical 
method  of  implementing  the  fisheries  program  and  reflecting  the  equitable 
treatment  standard  of  Sec.   4(h) (10)  of  the  Power  Act. 
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Task  5.1.5:        Require  that  all  aspects  of  power  planning 
and  management  reflect  in  an  equal  manner 
the  probability  of  achieving  fishery  objectives 
with  the  probability  of  achieving  power  objectives. 

Discussion:     A  double  standard  exists  in  the  treatment  of  fisheries  and  power 
with  respect  to  "safety  factors"  on  reliability  requirements  built  into 
decisionmaking.     With  regard  to  power,   numerous  safety  factors  have  been 
institutionalized  in  power  system  decisionmaking,  in  an  attempt  to  ensure  the 
system  against  the  risk  of  a  power  insufficiency  under  even  the  most  severe 
of  circumstances. 

In  contrast,   fisheries  are  provided  with  no  similar  safety  factor. 
Actually,   fisheries  needs  are  inadequately  accommodated  in  the  system  even 
without  the  use  of  a  safety  factor.     Because  disregard  of  tish  needs  is 
frequently  justified  by  the  need  to  accommodate  system  "reliability" 
requirements,   fisheries  are  essentially  serving  as  the  insurer  for  the  power 
system.     Fishery  requirements  are  withheld  in  order  to  provide  a  cushion  for 
power  generation  in  the  remote  probability  of  worst-case  conditions  for  power 
generation. 

Recommendation :     The  fishery  agencies  and  tribes  recommend  that  the 
probability  of  achieving  fishery  objectives  and  the  probability  of  achieving 
power  objectives  be  comparable  in  all  aspects  of  power  planning  and 
management. 
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''"nsk  5.1.6:        Obtain  ^Memoranda  of  Agreement  with  Bonneville  Power 
Administration,  the  Corps  of  Engineers,  and 
the  Bureau  of  Reclamation  which  explain  how 
the  agencies  will  utilize  the  Fish  and  Wildlife 
Program  and  provide  equitable  treatment  for 
fisheries  in  carrying  out  their  responsibilities 
for  power  operations,   scheduling,  and  river  management. 

Discussion:     Operation  of  federal  water  project  reservoirs  is  controlled  bv  the 
Corps  of  Engineers  and  the  Bureau  of  Reclamation,  in  cooperation  with  the 
Bonneville  Power  Administration.     Detailed  operating  arrangements  are  set  out 
in  Memoranda  of  Agreement  between  Bonneville  Power  Administration  and  the 
Corps  of  Engineers  and  between  Bonneville  Power  Administration  and  the 
Bureau  of  Reclamation.     Under  the  Memoranda  of  Agreement,  arrangements 
are  made  for  scheduling  and  availability  of  power,   conditioned  on  compliance 
with  other  nonpower  project  purposes.     For  example,  the  agreement  between 
Bonneville  Power  Administration  and  the  Corps  of  Engineers  limits 
power-related  commitments  if  those  commitments  would: 

conflict  with  statutory  requirements  for  operation  with  regard  to 
flood  control,  navigation,  irrigation,   recreation,  or  other  such 
purposes  projects  are  to  serve; 

impair  eftective  operation  of  project  fish  passage  facilities; 

insofar  as  practicable,   have  harmful  effects  on  the  environment, 
including  fish  and  wildlife  resources. 

These  limitations  do  not  clearly  explain  how  Bonneville  Power 
Administration,   the  Corps  of  Engineers,  or  the  Bureau  of  Reclamation  will 
implement  their  obligations  under  the  Power  Act,  including  obligations  with 
respect  to  the  fisheries  program.     Particular  questions  involve  reservoir 
operations  and  releases,  particularly  in  view  of  recent  power  contracts  which 
authorize  Provisional  Energy  and  FETiCC  Shift ,   and  recent  Bonneville  Power 
Administration  contractual  letters  setting  out  a  similar  Economic  Shift. 
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Provisional  Energy,   FELCC  Shift,   and  Economic  Shift  all  have  potential  to 
impair  fishery  flows. 

Recommendation :     That  the  Power  Planning  Council  include  in  its  Fish  and 
Wildlife  Program  obtaining  Memoranda  of  Agreement  with  the  Bonneville  Power 
Administration,   the  Corps  of  Engineers,   and  the  Bureau  of  Reclamation  which 
will  provide  binding  and  detailed  recognition  of  fishery  requirements  and 
explain  how  these  agencies  will  utilize  the  Fish  and  Wildlife  Program  and 
provide  equitable  treatment  for  tisheries  in  carrying  out  their  responsibilities. 
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">sk  5.1.7:         Require  that  Ronneville  Power  Administration 

prepare  a  system-wide  annual  operating  plan  which 
incorporates  the  Fish  and  Wildlife  Program  and 
reflects  equitable  treatment  of  fisheries. 

Discussion:      Proper  system  management  which  strikes  a  balance  between 
fisheries  and  power  must  begin  with  balanced  planning,   an  exercise  v/hich  has 
so  far  been  lacking.     In  order  to  remedy  this  deficiency,  assist  in 
implementing  the  fisheries  program,   and  satisfy  the  requirements  of  the  Power 
Act  and  applicable  environmental  law,   Bonneville  Power  Administration  should 
prepare  a  system-wide  operating  plan  which  integrates  fisheries  in  the 
management  and  operation  of  the  power  system. 

An  annual  operating  plan  must  be  considered  a  cornerstone  of  efforts  to 
improve  institutional  treatment  of  fisheries.     The  plan  should  be  prepared  in 
consultation  with  the  fishery  agencies  and  Indian  tribes,  and  should  fully 
reflect  their  comments  and  recommendations. 

There  is  some  precedent  for  a  special  purpose  annual  operating  plan. 
For  example,   the  recent  Bonneville  Power  Administration  power  sales  contracts 
with  the  direct  service  industries  impose  just  such  a  requirement. 

Recommendation :     That  the  Power  Planning  Council  include  in  its  Fish  and 
Wildlife  Program  direction  for  an  annual  system-wide  operation  plan  to  be 
prepared  by  Bonneville  Power  Administration,  incorporating  the  fisheries 
program  and  providing  equitable  treatment  of  fisheries. 
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•^ubobiective  5.2;       Assure  that  all  Bonneville  Power  Administration 

and  Federal  Energy  Regulatory  Commission 
decisions  (particularly  regarding  new 
hydroelectric  development)   reflect  and  include 
protection,   mitigation,   and  enhancement  of 
fisheries  and  equitable  treatment  of  fisheries. 

Task  5.2.1:        Assure  that  all  Bonneville  Power  Administration  decisions 
(including  decisions  concerning  contracts,  billing  credits, 
resource  acquisition,  environmental  cost-benefit  methodology, 
forecasting,  and  rates)  incorporate  requirements  to  protect, 
mitigate,   and  enhance  fisheries  and  provide  equitable  treatment 
for  fisheries. 

Discussion:     Many  actions  being  undertaken  by  the  Bonneville  Power 
Administration  under  the  Power  Act  have  the  potential  to  affect  anadromous 
fishery  resources,  particularly  in  their  institutional  and  financial  support  for 
hydroelectric  projects. 

Bonneville  Power  Administration  decisions  concerning  billing  credits  and 
resource  acquisition  for  hydroelectric  facilities  must  include  development  of 
substantive  criteria  design  to  protect,   mitigate,   and  enhance  fisheries,      (see 
Criteria  for  New  Hydroelectric  Projects  set  out  in  Task  5.2.2.)     Based  on 
these  criteria,   Bonneville  Power  Administration  must  approve,   condition,  or 
deny  billing  credits  or  resource  acquisition  for  such  facilities. 

Bonneville  Power  Administration  decisions  concerning  environmental 
cost-benefit  methodology  must  be  based  on  innovative  and  improved  economic 
techniques  which  include  all  aspects  of  quantifiable  fisheries  economic  values, 
as  well  as  other  non -quantifiable  values. 

Bonneville  Power  Administration  decisions  on   forr>casting  must  include  full 
recognition  of  the  fishery  constraints  established  in  the  fisheries  and  other 
provisions  of  the  Power  Act.     Similarly,   Bonneville  Power  Administration 
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decisions  on  rates  must  incorporate  costs  related  to  fish  flows,  mitigation,  and 
compensation  in  keeping  with  funding  mandates  and  authorities  under  the  Act. 

Bonneville  Power  Administration  contractual  arrangements  to  meet  load, 
transmission,  and  other  obligations  must  be  interpreted  consistent  with 
Bonneville  Power  Administration  obligations  to  protect,  mitigate,  and  enhance 
fisheries  and  provide  equitable  treatment  for  fisheries.     As  noted  above,   this 
includes  contractual  arrangements  related  to  provisional  and  shifted  energy. 

Finally,  other  aspects  of  Bonneville  Power  Administration  decisions  must 
reflect  fishery  considerations.     For  example,   conservation  and  load 
management  should  be  viewed  as  power  resources  complementary  to  fishery 
needs.     Load  management  can  help  to  reduce  long-term  peaking  demand, 
minimizing  flow  fluctuations  destructive  to  anadromous  fisheries.     In  the 
short-term,  conservation  upon  request  in  dry  years  can  help  to  assure  water 
for  fish  flows.     The  complementary  relationship  between  fisheries  and 
conservation /load  management  resources  should  be  fully  recognized  in  all 
aspects  of  power  planning  and  management. 

Recommendation :     That  the  Power  Planning  Council  include  in  its  Fish  and 
Wildlife  Program  direction  to  require  that  all  Bonneville  Power  Administration 
decisions  (including  decisions  concerning  contracts,  billing  credits,  resource 
acquisition,   environmental  cost-benefit  methodology,   forecasting,   and  rates), 
incorporate  requirements  to  protect,   mitigate,  and  enhance  fisheries  and 
provide  equitable  treatment  for  fisheries. 
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Task  5.2.2;        Assure  that  all  Federal  Energy  Regulatory  Commission,   Corps 
of  Engineers,  and  Bureau  of  Reclamation  decisions  concerning 
hydroelectric  development  provide  for  protection,   mitigation, 
and  enhancement  of  fisheries  and  equitable  treatment  of 
fisheries  and  are  consistent  with  the  legal  rights  of  Indian 
tribes. 

Discussion:         Hundreds  of  new  hydroelectric  projects  have  recently  been 
proposed  for  the  Columbia  River  Basin  and  the  Northwest.     These  include 
new  "small"  hydroelectric  developments  and  projects  at  existing  diversion 
dams,  as  well  as  numerous  large  or  major  projects.     The  majority  of  new 
hydroelectric  developments  raise  questions  concerning  anadromous  fishery 
protection.     Cumulative  adverse  impacts  to  commercial,   recreational,  and  tribal 
fisheries  could  be  staggering. 

Virtually  all  proposals  for  new  hydroelectric  development  are  now  at  the 
feasibility  and  evaluation  stage.     Project  developers,  including  many 
investment  groups  from  outside  the  Northwest  lured  by  the  prospects  of  high 
financial  re'turns,  have  submitted  record  numbers  of  applications  for 
preliminary  permits  to  the  Federal  Energy  Regulatory  Commission  (Preliminary 
permits  reserve  a  dam  site  for  an  applicant  pending  feasibility  studies  and 
evaluations).     Many  of  these  are  standard  form  applications,   most  devote  little 
attention  to  fishery  resources,  and  some  fail  to  mention  fishery  resources  at 
all. 

For  the  most  part,   the  FERC  has  issued  standard  form  preliminary 
permits,  and  has  not  attempted  to  cull  out  projects  which  may  not  be  feasible 
at  the  preliminary  permit  stage.     Instead,   FERC  takes  the  position  that 
questionable  projects  will  fall  out  or  be  rejected  at  the  license  application 
stage. 

The  fishexTT  agencies  and  tribes  have  intervened  in  many  preliminary 
permit  proceedings  in  an  effort  to  ensure  that  critical  fishery-related 
evaluations  are  conducted  at  the  earliest  possible  opportunity.     From  past 
experience,  the  agencies  and  tribes  have  seen  that  routinely,  only  token 
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<?onsi'ieration  is  mven  to  measures  for  the  protection,   mitiffation,  and 
enhancement  of  fisheries  at  the  preliminary  permit  statue .     When  the  time 
comes  for  submission  of  a  license  application,   the  project  developer  frequently 
will  observe  that  specific  fisheries  measures  require  further  "study"  but  will 
assert  that  issuance  of  the  license  should  not  be  delayed  pending  such  study. 

From  past  experience,   arguments  for  severance  and  postponement  of 
fishery  issues  have  been  persuasive  with  FERC,   which  has  issued  long-term 
licenses  with  open-ended  conditions  for  fishery  studies  in  lieu  of  specific 
fishery  measures.     Open  ended  conditions  for  fishery  studies  effectively  shift 
the  burden  of  advocating  and  developing  fishery  measures  from  the  licensee 
to  the  fishery  agencies  and  tribes  and,  more  often  than  not,  have  lead  to 
significant  delays  and  serious  conflict  over  fishery  mitigation  and 
compensation.     Open  ended  conditions  for  future  fishery  studies  certainly  do 
not  represent  equitable  treatment  of  fisheries,  unless  FERC  plans  to  also 
require  fishery  measures  prior  to  power  operations. 

In  this  document,  the  fishery  agencies  and  tribes  have  not  found  it 
possible  or  practicable  to  develop  specific  recommendations  for  each  of  the 
new  hydroelectrtic  projects  proposed  for  the  Columbia  River  Basin.     However, 
the  agencies  and  tribes  have  developed  general  criteria  which  should  ensure 
that  all  new  projects  will  include  measures  for  the  protection,   mitigation  and 
enhancement  of  fisheries,  and  that  projects  with  severe  and  uncontrollable 
fishery  impacts  will  not  be  approved. 

These  general  criteria  cover  each  of  the  major  areas  of  fishery  impact 
and  fishery  protection,  as  follows: 

Fisheries  Criteria  for  New  Hydroelectric  Projects 

A.      Fish  Passage:     Upstream  and  downstream  fish  passage  must  be  provided 
to  avoid  delay,  injury,  excessive  stress,  and  mortality  to  anadromous 
fish. 

Fish  passage  for  both  upstream  and  downstream  migrating  salmon, 
steelhead  and  other  anadromous  fish  must  be  provided  to  avoid  delay,  injui^ 
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and  excessive  stress.     Required  passage  facilities  must  be  installed  during 
project  construction  and  must  be  operated  at  all  times  that  fish  are  present  at 
the  piDJecti     Initial  project  plans  must  include  design  of  fish  facilities.     This 
should  include  and  define  type,  location,  size,  method  of  operation  and  other 
pertinent  characteristics.     State  and  Federal  fishery  agencies  input  should  be 
reflected  in  planning  and  design. 

Upstream  passage  facilities  are  generally  required  at  any  project  feature 
which  impairs  natural  passage  conditions.     At  some  projects  this  may  require 
a  fish  attraction  system  with  fishway  entrances  correctly  located  and  adequate 
attraction  flows,  a  fish  ladder,  and  an  exit  structure  to  return  adults  to  the 
stream  at  an  appropriate  location  upstream  from  the  project.     At  other 
projects  less  extensive  facilities  may  be  required  depending  upon  the  degree 
of  passage  obstruction  and  other  site  specific  characteristics. 

For  downstream  migrating  juveniles,  the  basic  need  is  to  screen  turbine 
intakes  to  prevent  the  fish  mortalities  associated  with  passage  through  the 
turbines  by  excluding  fish  from  the  intake  flow.     Requirements  concerning 
screen  areas  and  mesh  sizes  must  be  satisfied  to  assure  acceptable  operation. 
A  bypass  flow  to  safely  carry  fish  from  in  front  of  the  screens  to  an 
appropriate  location  below  the  project  is  a  fundamental  need.     Frequently  a 
system  of  ports  and  bypass  pipes  is  required. 

All  passage  facilities  must  be  designed  and  maintained  to  function 
properly  through  the  full  range  of  flows  normally  occurring  during  fish 
migration  periods.     The  facility  design  should  reflect  the  results  of  site 
specific  studies  and  consultation  with  fisheries  agencies. 

B.      Flows  and  Water  Quality:     Adequate  flow  regimes  and  water  quality  must 
be  provided  for  successful  spawning,  incubation,  rearing,  and  migration. 

Adequate  flow  regimes  and  water  quality  are  critical  for  anadromous  fish. 
Consequently,   flow  regimes  and  water  quality  sufficient  for  successful 
spawning,   rearing  and  migration  must  be  established  and  maintained  through 
and  downstream  of  the  project  area  where  needed.     If  flow  reduction, 
diversion  or  modification  of  flow  regimes  are  anticipated  in  the  operation 
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scenario  for  the  project,  anadromous  fisheries  could  be  adversely  affected  not 
only  in  the  immediate  project  area  but  in  the  entire  system  downstream  of  the 
facility. 

Adequate  water  quality  is  essential  to  the  production  of  salmon  and 
steelhead.     Possible  impacts  to  water  quality  could  include  all  or  several  of 
the  following. 

1)  Construction  impacts  such  as  siltation  of  spawning  gravels  or 
disruption  of  migratory  behavior.     Construction  should  proceed  at 
times  of  least  potential  impact. 

2)  Temperature  elevation  or  reduction. 

3)  Gas  supersaturation  which  may  occur  due  to  plunging  water  and 
result  in  tish  gas-bubble  disease. 

4)  Reservoirs  which  tend  to  be  nutrient  traps  may  cause  decreased 
fish  production  downstream  by  reducing  available  food  supplies. 

5)  Silt  laden  reservoir  releases  which  decrease  invertebrate 
production  and  salmonid  egg  survival.     This  is  a  function  of 
reservoir  location  and  soils  and  should  be  identified  during 
the  planning  process. 

6)  Disruption  of  flow  patterns  necessary  for  adult  and  juvenile 
fish  migration  and  survival  including  rapid  or  large  flow 
fluctuations  resulting  from  power  peaking  operations. 

7)  Lack  of  gravel  accretion  downstream  of  reservoirs  due  to  blockage 
of  gravel  movement  which  results  in  reduced  spawning  habitat. 

C.       Compensation  for  Unavoidable  Losses:     Compensation  in  the  form  of 

habitat  improvements,  artificial  production,  or  similar  methods  must  be 
provided  to  fully  replace  unavoidable  losses. 
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Effective  fish  passage,   flow  regimes  and  water  quality  conditions  are 
intended  to  avoid  losses  to  existing  and  potential  anadromous  fish  resources. 
Despite  maximum  use  of  these  mitigation  methods,  losses  to  fish  resources  may 
occur  either  during  or  after  construction. 


An  initial  plan  which  recognizes  contingencies  such  as  unanticipated 
construction  impacts  must  be  developed  as  part  of  the  license  application. 
Subsequent  refinements  or  modification  of  the  plan  may  be  necessary  once  the 
project  begins  operation  and  success  of  mitigation  measures  is  evaluated. 

D.  Treaty  Obligations: 

1)  No  hydroelectric  project  shall  degrade  fishery  habitat  and  reduce 
available  harvestable  fish  in  such  a  way  that  the  moderate  living 
needs  of  an  Indian  tribe  can  not  be  met. 

2)  No  hydroelectric  project  shall  result  in  the  inundation  of  any  usual 
and  accustomed  fishing  place  of  an  Indian  tribe  holding  treaty 
fishing  rights. 

As  noted  in  Chapter  D,   treaty  fishing  tribes  are  entitled  as  a  matter  of 
right  to  protection  of  tishery  habitat  from  environmental  degradation  and 
protection  of  access  to  all  usual  and  accustomed  fishing  sites.     The 
construction  of  hydroelectric  projects  in  the  region  and  particularly  on 
reservations  and  ceded  lands  may  conflict  with  these  rights. 

E.  Consultation :     Project  proponents  must  consult  with  fishery  agencies  and 
Indian  tribes  at  all  stages  of  project  development,  construction,   and 
operation. 

To  ensure  that  proposals  for  new  hydroelectric  projects  are  consistent 
with  the  criteria  described  above,   fuU  consultation  must  take  place  between 
the  project  proponent  (the  Applicant,   Federal  Energy  Regulatory  Commission, 
Corps  of  Engineers,   Bureau  of  Reclamation)   and  the  fishery  agencies  and 
Indian  tribes.     This  consultation  should  begin  at  the  earliest  stages  of  project 
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olnnninT.   an'i  should  continue  throughout  project  construction  and  operation. 
The  proiect  proponent  should  provide  the  agencies  and  tribes  with  full  access 
to  all  data  and  information  related  to  the  project. 


F.       Written  Findings:      All  decisions  to  proceed  with  or  license  new 

hydroelectric  projects  must  include  written  findings  on  all  of  the  above 
criteria. 

These  criteria  are  intended  as  general  interim  requirements.  Specific 
recommendations  for  fishery  measures  at  new  hydroelectric  projects  will  be 
established  in  subsequent  updates  of  this  document. 

Recommendation :     That  the  Power  Planning  Council  include  in  its  Fish  and 
Wildlife  Program  the  requirement  that  the  Federal  Energy  Regulatory 
Commission,  the  Corps  of  Engineers,  and  the  Bureau  of  Reclamation  apply  the 
Fisheries  Criteria  for  New  Hydroelectric  Projects  set  out  above,   which  provide 
for  (1)  fish  passage;    (2)  flow  regimes  and  water  quality;    (3)  compensation; 
(4)  Indian  treaty  obligations;    (5)  consultation;   and  (6)  written  findings. 
Specific  measures  for  the  protection,   mitigation  and  enhancement  of  fisheries 
should  be  included  in  all  license  applications  or  federal  project  development 
documents.     No  license  or  license  amendment  should  be  issued  without  specific 
fishery  measures.     Severance  and  postponement  of  fishery  issues  should  not 
be  considered  an  acceptable  alternative. 
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APPENDIX 

APPLICATION  OF  THE  NATIONAL  ENVIRONMENTAL  POLICY  AND 
THE  FISH   AND  WILDLIFE  COORDINATION   ACT 
TO  HYDROPOWER  MANAGEMENT  AND  PLANNING 


The  decisionmaking  process  of  Northwest  hydroelectric  power  system 
managers  and  operators  encompasses  planning  decisions  made  20  years  in 
advance  to  computer  decisions  made  very  four  seconds,  24  hours  a  day. 
While  this  process  is  complex,  several  points  are  identifiable  where  key 
decisions  substantially  shape  the  operation  of  the  hydroelectric  system  of  the 
Columbia  River  and  its  tributaries.     Unfortunately,  little  consideration  is 
given  to  the  anadromous  fishery  at  these  determinative  steps.     See  Blumm , 
Hydropower  vs.   Salmon:     The  Struggle  of  the  Pacific  Northwests'  Anadromous 
Fish  Resources  for  a  Peaceful  Coexistance  with  the  Federal  Columbia  River 
Power  System,   11  Envt'l  211,   249-256  (1981)   (hereinafter  cited  as  Hydropower 
vs.  Salmon). 

Both  the  National  Environmental  Policy  Act  (NEPA)  42  U.S.C.   §§  4331-44 
(1976)  and  the  Fish  and  Wildlife  Coordination  Act  (Coordination  Act)  16  U.S.C 
§  661-666c  (1976)  mandate  that  anadromous  fishery  considerations  enter  into 
the  decisions  of  the  hydropower  managers.     See  Hydropower  vs.   Salmon  at 
262-276. 

Regardless  of  how  one  dissects  this  management  system,  the  result  is  the 
same.     Collectively,  the  management  and  operation  of  hydroelectric  facilities 
on  the  Columbia  River  and  its  tributaries  have  enormous  adverse  impacts  on 
the  annual  migration  of  anadromous  fish.     The  drafters  of  the  Pacific 
Northwest  Electric  Power  Planning  and  Conservation  Act  (Regional  Power  Act) 
16  U.S.C.   §  839  were  well  aware  of  this.     The  principal  drafter  of  the  fish 
and  wildlife  provisions  in  the  Regional  Power  Act  -  the  House  Committee  on 
Interstate  and  Foreign  Commerce  -  included  the  following  statement  in  its 
report : 
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The  existing  practice  of  regulating  flow  of  the  Columbia  River 
to  maximize  power  revenues,  including  export  of  surplus  power 
to  the  southwest,  is  the  most  critical  factor  causing  a  severe 
decline  in  upriver  salmon  and  steelhead  runs  above  Bonneville 
Dam. 

H.R.   Rep.   No,   96-976,   96th  Cong.   2d  Sess.   47   (1980),   (Statement  of 
John  R.   Donaldson). 

Even  when  federal  agencies  reluctantly  participated  in  operating  dams  to 
protect  fish,  their  efforts  were  merely  token  -  "[t]he  net  amount  finally 
diverted  from  hydrogeneration  was  about  0.0016  of  the  annual  unappropriated 
flows  of  the  Columbia  River  at  Bonneville  Dam."     Id.   at  47   (statement  of  Ed 
Chaney) . 

I.        National  Environmental  Policy  Act 

NEPA  was  designed  to  counter  inevitable  agency  bias  in  favor  of 
proposals  that  an  agency  has  recommended.     McDowell  v.   Schlessinger,  404  F. 
Supp.   221,   241   (W.D.   Mo.   1975),  citing  Environmental  Defense  Fund  v.   Corps 
of  Engineers,   470  F.   2d  (8th  Cir.   1972).     Furthermore,  NEPA  requires 
federal  agencies  to  internalize  a  procedure  for  assuring  environmental 
protection.     Rucker  v.  Willis,  358  F.   Supp.   425,   428  (D.C.N.C.   1973)  affd. 
484  F.   2d  158.     See  also  M.P.l.R.G.   v.   Butz,  498  F.2d  1314  98th  Cir.   en 
banc  1974). 

To  alter  federal  agency  decisionmaking,   NEPA  mandates  various 
procedures  that  obligate  agencies  to  use  "all  practicable  means"  to  improve 
and  coordinate  federal  plans,   functions,   and  programs  to  achieve  the  Act's 
goals.     42  U.S.C.   §  4331   (b)   (1976).     Thus  environmental  protection  has 
become  an  affirmative  obligation  of  all  federal  agencies,   giving  them 
substantive  authority  base  their  decisions  on  environmental  grounds.     Gulf  Oil 
vs.   Morton,  493  F.2d  141,   145   (9th  Cir.   1973)   (quoting  Calvert  Cliffs' 
Coordinating  Committee  v.   A.E.C.,  449  F.2d  1109,   1112,   (D.C.   Cir  1971). 
This  authority  exists  unless  there  is  a  clear  statutory  conflict  that  is  both 
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f'nida"iental  and  irreconcilable.     Texas  Committee  on  Natural  Resources  vs. 


Bergland.  573  F.2d  201,  206  (1978)  cert,   denied  439  U.S.  966  (1978). 

While  section  202 (2) (c)  of  NEPA,   requiring  environmental  impact 
statements,  has  been  the  focus  of  attention  in  the  past  decade,  the  following 
NEPA  provisions  mandate  changes  in  an  agency's  decisionmaking  structure 
even  in  the  absence  of  environmental  impact  statement  requirements.     Hanley 
vs.   Kleindienst,  471  F.   2d  823,  834-835   (2d  Cir.   1972)  cert,   denied,  412  U.S. 
908  (1973).     See  also,   Commonwealth  of  Puerto  Rico  v.   Muskie,  507  F.   Supp. 
1035,   1049-1056   (D.P.R.    1981). 

NEPA  directs  that  "to  the  fullest  extent  possible"  all  agencies  of  the 
ffideral  government  shall: 

(A)  utilize  a  systematic,  interdisciplinary  approach  which  will  insure  the 
integrated  use  of  the  natural  and  social  sciences  and  the  environmental 
design  arts  in  planning  and  in  decisionmaking  which  may  have  an  impact 
on  man's  environment; 

(H)    identify  and  develop  methods  and  procedures,  in  consultation  with  the 
Council  on  Environmental  Quality  established  by  subchapter  II  of  this 
chapter,   which  will  ensure  that  presently  unqualified  environmental 
amenities  and  values  may  be  given  appropriate  consideration  in 
decisionmaking  along  with  economic  and  technical  considerations; 

(E)     study,  develop,  and  describe  appropriate  alternatives  to  recommended 
courses  of  action  in  any  proposal  which  involves  unresolved  conflicts 
concerning  alternatives  uses  of  available  resources; 

'H)    initiate  and  utilize  ecological  information  in  the  planning  and  development 
of  resource-oriented  projects  42  U.S.C.   4332  (a)(b)(e)  and  (h)   (1976). 

There  are  obvious  unresolved  conflicts  concerning  alternative  uses  of  the 
Co.umbia  River  and  its  tributaries.     As  mentioned,  operation  of  the 
•hydroelectric  facilities  on  the  Columbia  and  its  tributaries  to  maximize  power 
benefits  conflicts  with  management  of  the  Columbia  River  to  provide  flows  for 
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anadromous  fish.     Where  resource  conflicts  exist,  federal  agencies  have  a 
duty  to  study  develop,  and  describe  appropriate  alternatives.     NRDC  vs. 
Callaway,  524  F.2d  79,  93  (CA  21975).     This  duty  exists  independent  of  the 
duty  to  prepare  an  environmental  impact  statement.     Id.     Furthermore,  this 
duty  is  of  wider  scope  than  the  type  of  consideration  required  by  section  102 
(2)   (C);  it  demands  the  study,   development,  and  description  of  alternatives, 
whereas  section  102(2)(C)  requires  only  a  detailed  statement.     Id.  92-93. 

Minimal  consideration  is  given  to  fisheries'  needs  by  the  Bonneville  Power 
Administration  and  the  Corps  of  Engineers  in  the  development  of  Assured  and 
Annual  Operating  Plans.     Because  these  plans  delineate  the  parameters  of 
drafting  and  refilling  treaty  storage  projects,  the  absence  of  fishery 
consideration  is  manifested  by  the  absence  of  fish-related  flows  from  these 
projects.     Similarly,  the  annual  operating  program  by  the  Northwest  Power 
Pool  is  notable  for  its  lack  of  fishery  considerations. 

In  short,  the  Bonneville  Power  Administration  and  the  Corps  of 
Engineers,  as  integral  parties  in  the  planning  and  management  of  the 
hydroelectric  system  of  the  Columbia  River  and  its  tributaries,  have  a  legal 
duty  to  study,  develop,  6and  describe  alternatives  for  managing  conflicting 
hydropower  and  fishery  uses;  and  this  duty  exists  independent  of  the 
obligation  to  prepare  an  environmental  impact  statement.     Additionally,   NEPA 
requires  that  federal  agencies  use  a  systematic,  inter-disciplinary  approach  to 
insure  that  intergrated  use  of  natural  sciences  and  environmental  design  arts 
is  employed  in  all  federal  agency  decisionmaking  involving  agency  actions, 
again  even  where  preparation  of  an  environmental  impact  statement  is  not 
required.     McDowell  vs.   Schlessinger,   404  F.   Supp.   201   (D.C.   MO.   1975). 

While  not  a  cure-all,  compliance  by  appropriate  federal  agencies  with 
their  NEPA  obligations  will  substantially  improve  the  chances  for  improving 
the  Columbia  River  anadromous  fishery. 

Finally,   NEPA  may  require  a  programmatic  environmental  impact  statement 
(EIS  for  the  annual  plans  that  govern  the  coordinated  operation  of  the 
hydroelectric  facilities  on  the  Columbia  River  and  its  tributaries.     See, 
Hydropower  vs.   Salmon,  265-268.     An  annual  EIS  would  be  a  method  to 
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assure  systematic  and  interdisciplinary  consideration  of  river  flow  manipulation 
to  protect  anadromous  fish.     At  present,  hydroelectric  management  and 
operationed  decisions  are  made  with  little  disclosure  to  the  public.     Opening 
this  decisionmaking  process  to  public  review  could  cause  substantial  changes 
in  critical  areas  of  the  annual  operating  plans. 

II.      Fish  and  Wildlife  Coordination  Ant 

The  Fish  and  Wildlife  Coordination  Actl/  (FWCA  or  the  Act)  was  enacted 
in  1934  to  address  the  need  for  maintenance  and  restoration  of  productive 
habitats  and  environmental  quality  while  allowing  for  economic  development. 
To  accomplish  this,  the  Act  provides  a  procedural  framework  for  the 
consideration  of  fish  and  wildlife  conservation  measures  in  the  planning  and 
development  of  federal  or  federally  licensed  water  projects. 

The  mandates  of  the  Act  essentially  make  consideration  of  costs  and 
benefits  of  wildlife  protection  one  of  the  integral  purposes  of  water  resource 
planning.     To  date  the  legal  mandates  of  the  Act  have  taken  a  back  seat  to 
the  political  and  policy  decisions  made  in  implementing  water  development 
projects.     The  result  has  been  obvious  degradation  of  fish,  wildlife,  and 
habitat. 

FWCA  has  four  principal  proArisions  that  require  federal  and  state 
agencies  to  coordinate  their  policies  with  regard  to  water  development 
projects.     These  provisions  amend,  condition,  or  supplement  other  federal 
laws.  2/ 

The  first  provision  requires  that  wildlife  conservation  receive  "equal 
consideration"  and  be  coordinated  with  other  features  of  water  resource 
development  programs. 3/     The  plain  meaning  of  this  language  is  that  water 
development  and  operation  plans  may  not  proceed  unless  fish  and  wildlife  are 
given  equivalent  value  with  the  purposes  of  each  individual  project. 

The  second  provision  of  the  Act  mandates  consultation  with  the  Fish  and 
Wildlife  Seirvice,  National  Marine  Fisheries  Service,  and  appropriate  state  fish 
and  wildlife  agencies  by  water  development  agencies  before  a  project  is 
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authorized  or  undertaken. 4/     Recommendations  made  by  the  fish  and  wildlife 
agencies  in  the  consultation  process  must  be  specific  enough  to  serve  as 
functional  means  to  protect  fish  and  wildlife. 5/ 

The  third  provision  demands  that  water  development  agencies  give  "full 
consideration"  to  those  recommendations. 6/     Developers  should  integrate  the 
recommendations  into  any  project  report  and  treat  them  with  the  objective  of 
maximizing  overall  project  benefits  through  justifiable  means  and  measures.?/ 
Justifiability  should  not  be  viewed  as  an  isolated  cost /benefit  analysis  to 
determine  whether  protective  measures  for  fish  and  wildlife  can  be  adopted 
economically.     Rather,   the  costs  and  benefits  of  fish  and  wildlife  protection 
must  be  included  in  evaluating  an  overall  project  profile.     If  the  economic  and 
other  costs  of  the  project  outweigh  its  benefits,  the  entire  project  should  be 
abandoned,  not  just  fish  and  wildlife  protection. 8/ 

The  last  principal  FWCA  provision  gives  federal  agencies  the  power  to 
implement  the  recommended  measures  through  acquisition  and  use  of  lands  and 
water  for  fish  and  wildlife  purposes. 9/     With  powers  of  implementation 
explicitly  provided,  developers  can  legally  comply  with  the  the  purpose  of  the 
procedural  framework  set  forth  in  the  Act. 

It  should  also  be  noted  that  the  Act  provides  for  development  and 
improvement  of  wildlife  preservation  measures  10/ ,  along  with  the  modification 
and/or  supplementation  of  previously  authorized  projects.  11/     Hence, 
mitigation  of  degradation  already  caused  by  existing  projects  must  be 
considered  in  a  continuing  analysis  of  project  impacts  and  available  corrective 
measures.     This  should  be  specifically  construed  to  include  the  protection  of 
anadromous  fish  in  the  Columbia  River  system  by  maintaining  adequate  stream 
flows. 

The  foregoing  description  reveals  a  clear  legal  basis  for  protecting  fish 
and  wildlife  resources  affected  by  water  projects.     It  is  also  clear,  from  the 
deteriorating  condition  of  those  resources,  that  federal  water  agencies  have 
essentially  ignored  the  legal  mandate  for  fish  and  wildlife  protection  in  favor 
of  the  other  benefits  derived  from  their  projects.     All  involved  agencies  must 
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act  immediately  to  maintain  and  improve  the  imperiled  resources  of  the 
Columbia  River, 
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FOOTNOTES 

1.  16  U.S.C.    §§  661-666(c)    (1976) 

2.  Regulations  for  implementing  the  Corps  Rivers  and  Harbors  Act 

of  1899  and  the  Clean  Water  Act  obligate  the  Corps  to  consider  the 
recommendations  of  the  FWCA.     Supplementary  legislation  is  considered 
to  include  the  federal  reclamation  laws  and  various  flood  control 
authorization.     See  Issues  in  Fish  and  Wildlife  Planning.     U.S.   Fish  and 
Wildlife  Service,  OBS-80/44.     (August  1980). 

3.  16  U.S.C.    §  661   (1976). 

4.  Id.     662(a). 

5.  Id. 

6.  Id. 

7.  Id.     662(b). 

8.  See  Blumm,   Hydropower  v.   Salmon;     The  Struggle  of  the  Pacific 
Northwest's  Anadromous  Fish  Resource  for  a  Peaceful  Coexistence  with 
the  Federal  Columbia  River  Power  System,   11  Environmental  Law  211, 
271-72  (IdSl). 

9.  16  U.S.dC.   663(a)(d)   (1976). 

10.  Environmental  Defense  Fund,   Inc.   v.   Andrus,  596  F.2d  848,  853  (9th 
Cir.   1979). 
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CHAPTER    6 


OBJECTIVE  VI: 

Fisheries   Representation 

in   River  Management 


'IH AFTER  6 
OBTECTIVE  VI  -  FISHERIES» REPRESENTATION 


Subobjective  6.1:       Establish  a  formal  review  process  through  which 

Bonneville  Power  Administration,   the  Corps  of 
Engineers,  and  Bureau  of  Reclamation  solicit 
recommendations  from  fishery  agencies  and 
Indian  tribes  in  aU  significant  power  system 
decisions. 

Discussion:     Many  aspects  of  power-related  decisionmaking  have  implications 
for  anadromous  fishery  resources.     Under  Section  4(h) (11) (B)  of  the  Power 
Act,  the  Bonneville  Power  Administration,   Corps  of  Engineers,   Bureau  of 
Reclamation,  and  the  Federal  Energy  Regulatory  Commission  must  consult  with 
the  fishery  agencies  and  Indian  tribes  in  their  decisionmaking  and  must  "to  the 
greatest  extent  practicable"  coordinate  their  actions.     Once  adopted, the  Fish 
and  Wildlife  Program  will  provide  the  focus  for  that  coordination. 

Recommendation :     That  the  Power  Planning  Council  include  in  its  Fish  and 
Wildlife  Program  direction  to  effectuate  the  consultation  and  coordination 
requirements  of  the  Act.     The  fishery  agencies  and  tribes  recommend  that  a 
formal  process  be  developed  by  the  federal  power  agencies  to  solicit  fishery 
recommendations.     This  process  could  be  established  in  a  Memorandum  of 
Agreement  or  in  some  other  format. 
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Subobjective  6.2     Fund  anadromous  fishery  coordinating  personnel,  initially 
comprised  of  the  positions  of  Fishery /Energy  Liaison  Coordinator,  Power 
Management  Analyst,   and  Fishery  Operations  Manager. 

Discussion:     The  recent  experience  with  the  use  of  a  full-time  "smolt 
coordinator"  in  connection  with  the  annual  Committee  on  Fishery  Operations 
(COFO)  Implementation  Plan  has  revealed  that  the  function  is  quite  valuable. 
Funding  for  the  position  and  required  support  staff  has  not  been  available 
through  the  existing  budgets  of  the  fishery  agencies  and  Indian  tribes  and  has 
been  provided  by  Bonneville  Power  Administration,     This  recommendation  is 
based  on,  but"  expands  the  "smolt  coordinator"  concept. 

Of  necessity,  the  fishery  agencies  and  Indian  tribes  must  become  more 
knowledgeable  and  sophisticated  in  their  dealings  with  river  management  and 
the  power  system.     Yet  the  agencies  and  tribes  generally  lack  staff  and  staff 
expertise  on  the  complex  planning,   management,   and  operation  of  the  projects 
or  the  system.     Recognizing  the  importance  of  river  management  and  power 
system  management  expertise  in  reconciling  fisheries  needs,  representatives  of 
the  agencies  and  tribes  have  begun  to  educate  themselves  on  the  web  of  formal 
agreements,  informal  arrangements,   and  interrelationships  that  underlie  the 
Northwest  power  system. 

The  fishery  agencies  and  tribes  can  no  longer  rely  on  Bonneville  Power 
Administration,   the  federal  water  managers.   Federal  Energy  Regulatory 
Commission,  or  individual  utilities  for  power  system  expertise.     In  fact,  total 
reliance  on  these  groups  is  what  has  triggered  the  piecemeal  efforts  to 
understand  the  power  system  to  date.     Because  representatives  from  these 
groups  have  different  missions  and  directives  than  the  fishery  agencies  and 
tribes,   their  commentary  on  fishery-power  operations  understandably  does  not 
reflect  a  fishery -oriented  perspective. 

These  piecemeal  efforts  have  only  underscored  the  inability  of  the 
agencies  and  tribes  to  fully  monitor  and  participate  in  power  system  decisions. 
The  agencies  and  tribes  have  concluded  that  they  require  full-time  staff  if 


?14 


they  are  to  perform  these  functions.     At  the  same  time,  they  have  also 
concluded  that  these  functions  are  critical  for  the  protection,   mitigation,   and 
enhancement  of  fisheries. 

To  assist  in  anadromous  fishery  coordination,  three  positions  will  be 
funded.     The  first  will  be  a  Fisheiy /Energy  Liaison  Coordinator — someone  with 
a  biological  background  who  would  coordinate  all  operations  and  provide 
coordinated  input  to  the  energy  management  entities,  particularly  during  the 
juvenile  migration  period.     The  second  will  be  a  Power  Management 
Analyst — someone  with  an  engineering  or  similar  background  who  will  monitor 
power  planning  and  management  decisions  and  provide  technical  advice  to  the 

Coordinator.     The  third  will  be  a  Fishery  Operations  Manager  who  will  serve 
as  the  manager  for  all  fisheries  field  operations  and  provide  technical  advice  to 
the  Coordinator. 

The  efforts  of  the  this  staff  would  be  closely  coordinated  with  the 
Northwest  Power  Planning  Council,  Bonneville  Power  Administration,  and 
project  operators,  and  the  staff  would  provide  a  focal  point  for  input  of 
energy  entities  to  fisheries  operations. 

■^he  three  staff  positions  will  enable  the  fishery  agencies  and  tribes  to 
have  major  input  to  fishery-power  decisions.     The  staff  will  be  responsible 
for  full  coordination  with  the  federal  and  state  fishery  agencies  and  Indian 
tribes.     The  precise  manner  of  coordination  will  be  agreed  upon  by  the 
agencies  and  tribes  at  a  later  date. 

With  the  assistance  of  the  three  staff  members,  the  state  and  federal 
fishery  agencies  and  Indian  tribes  will  receive  reports  on  fisheries 
improvements  under  the  Power  Act,  evaluate  the  implementation  of  the 
fisheries  program,   coordinate  fishery  agency  and  Indian  tribe  input  to 
Bonneville  Power  Administration,   the  Power  Planning  Council  and  others  to 
the  extent  feasible,  and  monitor  the  annual  system-wide  operation  plan. 
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More  specifically,   the  Fishery /Energy  Liaison  Coordinator  would  expand 
on  the  current  position  of  smolt  coordinator,  and  would  oversee  fisheries 
input  into  power  system  planning,   coordinate  flows,  monitor  the  juvenile  and 
adult  migration,  oversee  fish  passage  efforts,  and  perform  other  such  tasks. 

On  the  other  hand,   the  Power  Management  Analyst  would  be  a  completely 
new  position,  directed  toward  changes  in  short-term  and  long-term  power 
planning  and  management  to  improve  the  fishery  operations  monitored  by  the 
Fishery  Operations  Manager.     The  Power  Management  Analyst  would  review 
and  participate  in  decisions  by  Bonneville  Power  Administration,  the  Corps  of 
Engineers,   the  Bureau  of  Reclamation,  and  public  and  private  utilities  to 
ensure  ongoing  or  improved  management  and  operation  for  fisheries.     Where 
appropriate,  the  Power  Management  Analyst  through  the  Fishery /Energy 
Liaison  Coordinator  would  also  propose  innovative  power  system  initiatives  to 

improve  the  ability  of  the  system  to  accommodate  fisheries  at  minimum  cost, 
e.g.,  long-term  power  sales  to  exchange  arrangements  with  California, 
increased  reservoir  storage,  and  possible  purchase  of  water  rights  for 
fisheries. 

Recommendation :     That  the  Power  Planning  Council  fund  personnel  to 
coordinate  and  to  monitor  progress  in  protecting,  mitigating,   and  enhancing 
fisheries  and  providing  equitable  treatment  for  fisheries  in  river  management 
and  project  operations,  i.e.   a  Fishery /Energy  Liaison  Coordinator,  a  Power 

Management  Analyst,   and  a  Fishery  Operations  Manager.     With  the  assistance 
provided  by  these  three  positions,  the  fishery  agencies  and  tribes  will 
provide  coordinated  interaction  with  power  system  decisionmaking. 
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Subobjective  6.3;       Continue  the  Committee  on  Fishery  Operations 

(COFO)  as  a  fishery-power  committee  to 
monitor  progress  in  protecting,  mitigating, 
and  enhancing  fisheries  and  providing  equitable 
treatment  for  fisheries  in  river  management 
and  project  operations. 

Discussion:     The  establishment  of  COFO  in  1976  was  a  valuable  step  toward 
improved  cooperation  between  fishery  and  power  interests  and  has 
substantially  improved  the  understanding  of  fishery  and  power  problems. 
Nevertheless,   COFO  has  operated  within  certain  limitations,   and  many  of  these 
limitations  are  no  longer  valid  with  the  passage  of  the  Northwest  Power  Act. 

The  fishery  agencies  and  tribes  have  proposed  an  improved  system-wide 
procedure  to  carry  forward  the  objectives  of  the  Fish  and  Wildlife  Program. 
Major  fisheries  input  to  the  process  would  be  provided  by  the  the  appropriate 
fishery  agencies  and  Indian  tribes  with  assistance  from  the  three  staff 
positions  discussed  in  Subobjective  6.2.     The  agencies  and  tribes  will  assure 
that  power  system  officials  have  definite  contacts  from  among  the  fishery 
agencies  and  tribes  and  will  provide  unified  responsibility,   accountability,  and 
input.     Lack  of  specific  contacts  and  clearly  defined  responsibilities  for 
fishery-power  deliberations  has  frequently  impaired  fishery  agency  and  tribal 
efforts  in  the  past. 

Coordination  among  all  of  the  fishery  agencies  and  tribes  in  preparation 
for  each  year's  operation  will  occur  cooperatively  with  COFO.     The  fishery 
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agencies  and  tribes  will  prepare  a  general  fisheries  flow  scenario  for 
incorporation  in  the  power  management  system.     As  runoff  forecasts  become 
available,   the  boundary  conditions  of  the  flow  scenario  will  be  refined  and 
possible /probable  events  tested  against  the  scenario.     This  will  be  done 
cooperatively  by  the  agencies  and  tribes  with  COFO  and  will  provide  the  basis 
for  the  guidance  given  the  fisheries /power  coordinating  staff. 

Implementation  of  the  refined  fishery  flow  scenario  and  associated 
activities  on  the  part  of  the  fishery  agencies  and  tribes  will  be  carried  out  by 
the  Fishery  River  Management  Coordinator,  assisted  bv  the  Power  Management 
Analyst,  based  on  the  guidance  developed  as  described  above.     Current 
information  on  the  progress  of  the  smolt  migration,  etc.,  will  be  gathered 
according  to  a  system  to  be  developed  by  the  fishery  agencies  and  tribes. 

Recommendation :     That  the  Power  Planning  Council  include  in  its  Fish  and 
Wildlife  Program  the  need  for  a  continuing  coordination  process  such  as 
COFO,  that  provides  an  interface  between  all  energy  management  entities  and 
fisheries  management  entities.     However,   specific  recommendations  of  the 
fishery  agencies  will  be  provided  directly  to  water  management  entities. 
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CHAPTER    H 


Conclusion 


CHAPTER  H 
CONCLUSION:      IMPLEMENTATION  OF  THE  FISH  AND  WILDLIFE  PROGRAM 

After  the  Regional  Power  Council  reviews  these  recommendations,  solicits 
public  input,  and  shapes  the  recommendations  and  input  into  a  comprehensive 
fisheries  program,  the  job  has  just  begun.     Recommendations  and  program 
measures  are  only  so  many  words  unless  promptly  and  effectively  acted  upon 
by  the  Bonneville  Power  Administration,  the  Federal  Energy  Regulatory 
Commission,  the  Army  Corps  of  Engineers,  the  Bureau  of  Reclamation,  and 
public  and  private  utilities.     Fisheries  must  become  a  routine  consideration  in 
the  power  system.     At  the  same  time,  innovative  solutions — such  as  long-term 
power  sales  or  exchange  contracts  with  California,  increased  use  of  reservoir 
storage,   and  load  management  techniques — must  be  fully  explored. 

Because  of  its  importance,  the  fishery  agencies  and  tribes  would  like  to 
conclude  their  submission  to  the  Regional  Power  Council  with  some  remarks  on 
implementation  of  the  fisheries  program.     Under  the  Power  Act,  the  primary 
responsibility  for  implementation  of  the  fisheries  program  will  fall  on  the 
federal  agencies.     The  federal  agencies  responsible  for  managing,  operating, 
and  regulating  power  projects  must: 

exercise  their  responsibilities  consistent  with  the  purposes  of  the 
Act  to  adequately  protect,  mitigate,  and  enhance  fisheries, 
including  related  spawning  grounds  and  habitat , 

provide  equitable  treatment  for  fisheries  with  other  project 
purposes, 

exercise  their  responsibilities  taking  into  account  at  each  stage  of 
decisionmaking  to  the  fullest  extent  practicable,  the  fisheries 
program  and, 

consult  with  the  fishery  agencies  and  tribes  in  carrying  out  these 
obligations . 
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These  express  statutory  directives  impose  a  heavy  burden  on  the 
Bonneville  Power  Administration,  the  Federal  Energy  Regulatory  Commission, 
the  Corps  of  Engineers,   and  the  Bureau  of  Reclamation  with  respect  to 
fisheries  and  the  Fish  and  Wildlife  Program.     In  fact,  it  appears  that 
implementation  of  the  Fish  and  Wildlife  Program  is  the  minimum  level  of 
compliance  that  can  be  expected  of  the  agencies. 

The  application  of  the  fisheries  obligations  to  the  Corps  of  Engineers  and 
the  Bureau  of  Reclamation  should  be  relatively  straightforward,   since  these 
agencies  are  directly  responsible  for  the  operation  of  federal  hydroelectric 
projects.     However,  the  application  of  fishery  obligations  to  the  Bonneville 
Power  Administration  as  the  power  system  manager  and  to  the  Federal  Energy 
Regulatory  Commission  as  the  regulator  of  public  and  private  utilities  is  more 
complex,  and  warrants  some  further  discussion. 

Under  the  Power  Act,  the  Bonneville  Power  Administration  has  even  more 
extensive  fisheries  obligations  than  those  described  above.     In  addition  to  the 
consistency  with  the  purposes  of  the  Act,  the  equitable  treatment  standard, 
responsibility  to  take  into  account  the  Fish  and  Wildlife  Program,  and 
consultation  requirements,  Bonneville  Power  Administration  is  directed  to: 

"use  the  Bonneville  Power  Administration  funds  and 
the  authorities  available  to  the  Administrator  under 
this  Act  and  other  laws  administered  by  the  Administrator 
to  protect;  mitigate,  and  enhance  fish  and  wildlife 
to  the  extent  affected  by  the  development  and  operation 
of  any  hydroelectric  project  of  the  Columbia  River  and 
its  tributaries  in  a  manner  consistent  with  . . .   [the 
fisheries]   program   . . .   and  the  purposes  of  this  Act." 
[Sec.   4(h)(10)(A),  emphasis  added.] 

This  is  a  strong,  affirmative  obligation.     The  Bonneville  Power 
Administration  must  use  all  of  its  funding  and  authorities  consistent  with  the 
fisheries  program,  and  may  not  merely  "take  into  account"  the  program. 
Bonneville  Power  Administration  would  appear  to  have  even  less  discretion  and 
more  responsibility  than  other  federal  agencies  in  acting  upon  the  Fish  and 
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Wildlife  Program  and  in  developing  innovative  solutions  for  fishery  program 
implementations . 

To  satisfy  this  responsibility,  the  Bonneville  Power  Administration 
Administrator  and  officials  must  scrutinize  all  aspects  of  their  funding  and 
power  system  activities,  and  must  modify  those  activities  as  necessary  to 
assist  the  Fish  and  Wildlife  Program.     Bonneville  Power  Administration 
system-wide  activities  must  be  used  as  a  vehicle  to  assure  implementation  of 
the  Fish  and  Wildlife  Program  by  public  and  private  utilities,  with  Bonneville 
Power  Administration  services  conditioned  on  implementation  as  appropriate. 
There  is  no  doubt  that  this  will  be  a  difficult  effort,  since  it  will  essentially 
involve  reordering  of  Bonneville  Power  Administration  functions  in  the 
Northwest  and  may  not  be  embraced  by  all  Bonneville  Power  Administration 
customers.     Yet  the  Power  Act  requires  no  less. 

Similarly,  the  Federal  Energy  Regulatory  Commission  obligations  under 
the  Power  Act  will  entail  oversight  of  public  and  private  utilities  to  ensure 
implementation  of  the  Fish  and  Wildlife  Program.     And,  as  with  the  Bonneville 
Power  Administration,  this  will  require  a  certain  reordering  of  Federal  Energy 
Regulatory  Commission  functions  and  may  meet  utility  resistance. 

Although  existing  licenses  and  orders  issued  by  Federal  Energy 
Regulatory  Commission  for  non-federal  hydroelectric  projects  remain  valid 
under  the  Power  Act,  existing  licenses  and  orders  may  have  to  be  modified  to 
reflect  the  Fish  and  Wildlife  Program  in  certain  instances.     House  Commerce 
Committee  Chairman  Dingell  described  Federal  Energy  Regulatory  Commission's 
new  obligations  and  their  relationship  to  existing  licenses  and  orders  in  the 
following  manner: 

Section  4(h) (11)  of  the  bill  supplements  the  Federal 
Power  Act  *  *  *  I  stress  that  the  directive  of  section 
4(h)(ll)  applies  to  FERC ,  not  to  a  particular  license, 
permit,  or  certificate,  and  to  how  FERC  carries  out  its 
responsibilities  under  the  law.     The  objective  is  that 
FERC  use  the  authorities  of  the  Federal  Power  Act  to 
Insure  that  the  capabilities  of  each  power  project  are 
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fully  utilized  to  provide  operations  that  are  compatible 
with  the  purposes  of  this  legislation  and  will  treat 
fish  and  wildlife  as  a  coequal  partner  with  other  uses 
in  the  management  and  operation  of  the  hydro  projects 
of  the  region.     The  legal  basis  for  initiating  proceedings 
to  make,  and  to  make  any  changes  or  modifications  in 
a  license,  permit,  or  certificate  is  the  Federal  Power 
Act  and  the  conditions  of  the  license  or  permit  or 
certificate,  as  supplemented  by  this  legislation, 
including  this  section.     Where  there  is  doubt  about 
such  legal  basis  in  the  case  of  any  particular  license 
and  so  forth,   section  4(h) (11)  is  intended  to  resolve 
that  doubt  in  favor  of  making  those  changes  and 
initiating  the  proceedings  to  make  such  changes. 
[Cong.   Rec.   H-5104-05   (Dec.   1,   1980),  emphasis  added] 

In  the  same  remarks.  Congressman  Dingell  also  notes  that  "modification 
clauses"  are  contained  in  FERC  licenses  to  trigger  new  proceedings  and 
explains  that  "any  Federal  agency,  including  FERC,   may  cite  this  Act, 
particularly  section  4(h) (11) ,  as  the  legal  basis  for  proposing,  considering, 
or  imposing  such  modifications  in  any  pending  proceeding  or  in  future 
proceedings  related  to  such  validly  existing  licenses,  permits  or  certificates." 
Thus,  the  Power  Act,   coupled  with  the  Federal  Energy  Regulatory  Commission 
authority  to  modify  licenses  and  orders,  should  serve  as  a  basis  for  imposing 
conditions  designed  to  implement  the  Fish  and  Wildlife  Program. 

In  closing,  it  is  also  important  to  stress  the  Power  Planning  Council's 
continuing  obligations  with  respect  to  the  Fish  and  Wildlife  Program. 
Although  the  Power  Act  does  not  direct  the  Council  in  the  same  manner  as 
the  federal  power  agencies,  the  Council  does  retain  an  important  oversight 
role  for  the  Program.     For  example,  in  its  annual  report,  the  Council  must 
include  an  assessment  of  the  effectiveness  of  the  Program  along  with  potential 
revisions  or  modifications  to  the  Program.     The  fishery  agencies  and  tribes 
look  forward  to  an  active  Council  role  in  overseeing  the  implementation  and 
effectiveness  of  the  Fish  and  Wildlife  Program ,  as  well  as  program  revisions 
which  may  develop  through  program  implementation. 
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•^f  necessity,  the  Fish  and  Wildlife  Program  will  be  dynamic,  at  least 
during  the  period  of  its  initial  development  and  implementation.     Through  a 
dynamic  program,  including  the  continued  involvement  of  the  Council,   fishery 
agencies  and  tribes  have  high  expectations  that  the  ultimate 
goal — improvement  of  anadromous  fish  runs — will  be  achieved  for  commercial, 
recreational,  and  tribal  fisheries  and  the  citizens  of  the  Northwest. 
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SUflMARY 

The  use  of  the  hydroelectric  system  to  provide  Winter  peaking  energy 
in  the  Pacific  Northwest  nas  increasingly  imposed  hardships  on  Spring 
fish  migration.  Reduced  flows  during  the  Spring  make  migration  difficult, 
exposing  juvenile  salmon  to  predators,  disorientation,  and  other 
challenges  to  survival.  As  baseload  thermal  plants  are  intorduced 
Into  the  system,  the  hydroelectric  system  is  being  relied  upon  to  a  greater 
and  greater  extent  for  seasonal  supplies.  The  future,  therefore,  holds 
even  more  serious  potential  problems  for  salmon  migration. 

Numerous  alternatives  are  available  to  assist  migration.  Reregulation  of 
river  operation,  to  provide  adequate  flows,  is  an  essential  element.  The 
cost  of  doing  so,  under  "worst  case"  conditions,  are  relatively  minimal, 
about  $18  million  on  an  annual  basis.  Numerous  other  mitigation  measures 
are  available.  Conservation  programs  which  target  Winter  consumption  can 
reduce  the  need  to  store  water  for  seasonal  generation.  As  total  energy 
loads  come  down,  thermal  plant  needs  are  reduced,  and  river  flows  are 
flattened  out,  compared  with  predicted  operation  under  current  demand  forecasts. 

The  use  of  fuels  which  do  not  impose  adverse  environmental  impacts  can 
assist  in  moving  electrical  loads  out  of  Winter,  thereby  reducing  seasonal 
operation  of  the  hydroelectric  system..  A  relatively  simple  program  of 
"buying  back"  existing  electric  furnaces  in  residences  which  are  adjacent  to 
natural  gas  mains  could  reduce  Winter  loads  by  abo-t  2000  MW-months,  more. 
than  twice  the  impact  of  the  minimum  requirements  to  assist  fish  migration. 
The  electrical  savings  which  would  accrue  to  the  region,  after  compensating 
heating  customers  for  any  additional  cost  of  gas  heat,  would  cost  the  region 


1  to  20      mills  per  kilowatt-hour,  much  less  than  the  cost  of  alternative 
additional  energy  resources.  Such  a  program  is  obviously  attractive,  regardless 
of  whether  or  not  it  is  needed  to  enhance  fish  migration,  but  the  reduction 
in  Winter  loads,  and  thus  hydro  storage  requirements,  would  be  beneficial 
to  fisheries. 

It  may  be  possible  to  obtain  access  to  about  679,000  acre-ft  of  water, 
now  stored  in  Idaho  reservoirs,  which  is  presently  dedicated  to  irrigation 
purposes,  but  has  never  actually  been  withdrawn  for  irrigation  use.  If 
obtained,  this  water  could  be  used  to  provide  the  bulk  of  the  incremental 
flows  required  in  dry  years  to  aid  migration  on  the  Snake  River.  If  the 
water  were  desired  for  irrigation  purposes,  a  50i/acre-ft  charge  would  be 
imposed.  So  far,  this  has  proven  to  be  above  the  market  value  of  the  water 
for  irrigation  purposes.  If  released  for  power  purposes,  each  acre-ft 
would  produce  approximately  $200  worth  of  electricity,  as  it  passed  through 
existing  dams.  Idaho  legislative  approval  would  be  required  to  change  the 
status  of  this  storage  water,  but  offers  promise  to  the  region,  both  for 
power  supply  and  for  fish  migration  purposes.  Financial  compensation  to 
the  State  of  Idaho  for  release  of  the  water  would  benefit  both  the  state 
treasury,  and  regi  nal  ratepayers,  while  providing  needed  aid  to  iriigrating  salmon. 

In  the  event  that  additional  generation  is  fo-nd  to  be  necessary  to  meet 
future  power  loads,  it  is  important  that  the  eegion  give  consideration 
the  development  of  generating  resources  which  produce  energy  at  times  when 
regional  loads  require  additional  resources.  Two  sources  in  particular 
meet  this  test.  Wind  energy  potential  in  the  coastal  areas  of  the  Northwest 
peaks  during  the  Winter  months,  in  tandem  with  electrical  loads.  Certain 
Western  Washington  hydroelectric  sites  also  would  provide  peak  output  in  Winter. 


In  acquiring  additional  resources  for  the  future,  the  region  should 
give  consideration  to  the  seasonal  nature  of  the  output  of  specific 
resources.  Assuming  a  marginal  cost  on  an  annual  basis  of  65  mills  per  kilowatt- 
hour  for  new  generation,  it  is  reasonable  to  allocate  that  on  a  seasonal 
basis.  If  secondary  energy  is  available,  on  average,  during  the  Spring 
for  30  mills.  Winter  energy  would  have  to  be  valued  at  approximately  83 
mills,  in  order  to  recover  the  average  annual  costs.  It  is  against  the 
higher  seasonal  cost  that  any  new  resources  which  have  seasonal  generating 
characteristics  must  be  judged.  For  resources  which  produce  energy  on 
a  baseload  basis,  the  average  value  should  apply.  For  those  which 
produce  energy  primarily  during  the  shoulder  season,  a  lower  value  is 
appropriate.  Conservation  resources,  of  course,  are  primarily  Winter 
resources,  and  should  be  valued  accordingly. 

Under  some  water  conditions,  it  appears  that  operation  of  the  hydro  system 
to  provide  minimum  streamflows  to  aid  fish  migration  will  result  in  generation 
in  excess  of  that  which  can  be  used  in  the  Northwest,  unless  existing 
load  patterns  are  changed,  or  maintenance  schedules  for  existing  and  planned 
thermal  plants  are  revised.  Revision  of  thermal  maintenance  schedules 
into  April  and  May  would  allow  the  hydro  system  to  be  used  to  meet  load, 
and  thus  by  definition  move  additional  water  downstream.  Predicted  loads 
are  all  in  excess  of  the  expected  generation  from  the  hydro  system,  even 
during  April  and  May,  under  revisions  to  river  regulation  needed  to  provide 
adequate  fish  migration  in  dry  years.  Thus,  thermal  maintenance  schedule 
revisions  alone  may  prove  to  be  all  that  is  necessary  to  provide  adequate 
migration. 


In  the  event  that  conservation  and  thermal  plant  rescheduling  are 
insufficient  to  achieve  the  streamflow  requirements  imposed  by 
consideration  of  fish  migration  requirements,  the  region  will 
experience  excess  generation  during  the  Spring  months.  In  wet  years, 
this  will  have  the  effect  of  moving  secondary  power  sales  forward  in 
time,  from  June  and  July  into  April  and  May.  The  difference.  In  wet  years, 
is  insignificant.  In  dry  years,  however,  the  excess  generation  would 
otherwise  have  been  stored  until  Winter,  when  a  local  market  would  be 
available.  It  is  possible  to  store  excess  generation  with  California 
utilities  under  certain  circumstances.  The  existing  tieline  capability 
of  4400  MW  greatly  exceeds  the  excess  generation  in  dry  years,  so  moving 
the  energy  South  is  not  a  problem.  So  long  as  contracts  are  offered 
to  Southwest  utilities  which  insure  that  they  will  not  be  forced  to  return 
energy  which  otherwise  would  have  been  unstorable,  and  they  are  not  required 
to  return  energy  during  times  when  they  are  operating  their  highest-cost 
resources,  an  opportunity  for  a  "fish  water"  power  exchange  agreement 
is  clearly  present.  Our  discussions  with  Los  Angeles  Department  of  Water 
and  Power  and  California  Energy  Commission  officials  confirms  that  an  exchange 
market  is  available  to  the  Northwest  for  these  purposes.  The  costs  of  such 
an  exchange  are  minimal,  and  the  benefits  to  fisheries  are  significant. 


THE  PROBLEM 

Low  cost  electricity  has  made  electric  heet  the  most  prevalent  choice  for 
residential  and  commercial  heating  needs.  Extended  hours  of  darkness 
in  Winter  months  create  an  increased  need  for  electricity  in  Winter. 
Moderate  Summer  weather  in  most  of  the  population  centers  of  the  Northwest 
means  thai  we  have  little  need  for  air  conditioning.  The  result  of  these 
and  other  energy  use  patterns  in  the  Northwest  has  created  a  Winter 
peaking  pattern  for  the  regional  electrical  demand. 

Downstream  migration  of  juvenile  salmon  requires  high  river  flows  during  the 
months  of  April,  May,  and  June,  quite  opposite  to  the  peak  in  power  demand 
in  December,  January,  and  February.  Operation  of  the  hydroelectric  system 
to  meet  current  seasonal  variations  in  power  demand  adversely  affects 
salmon  migration.  On  the   other  hand,  operation  of  the  system  to  meet  fish 
migration  needs  impairs  the  ability  of  the  system  to  meet  power  requirements. 

The  confrontation  between  fish  and  power  becomes  critical  in  dry  years. 
In  average  and  wet  years,  sufficient  water  is  available  to  meet  the  needs 
of  both  power  and  fish.  This  analysis  focuses  on  strategies  to  provide 
adequate  streamflows  in  the  driest  25%  of  the  40  year  hydroelectric  system 
model  employed  by  the  Army  Corps  of  Engineers. 

The  problem  is  predicted  to  get  more  serious  in  the  future  than  at  present. 
Table  1  shows  the  predicted  growth  in  monthly  loads  in  Winter  to  exceed 
that  of  Summer.  In  January  of  1985,  for  example,  loads  are  expected  to 
be  5600  MW  higher  than  actual  January,  1981  loads,  while  May,  1985  loads 
are  expected  to  increase  by  only  3000  MW  over  May,  1981  actual  loads.  The 
increased  shift  of  peak  load  into  Winter  suggests  that  current  problems 
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July    '84 

Aug 

Sept 

Oct 

Nov 

Dec 

January  '85 

Feb 

March 

April 

May 

June 

July    '85 

Aug 

Sept 

Oct 

Nov 

Dec 

January  '86 

Feb 

March 

April 

May 

June 


July 

Aug 

Sept 

Oct 

Nov 

Dec 


'86 


Increase  Over 

2/81  WGF 

Actual  80-81 

(Average  MW) 

(Average  MW) 

%   Increase 

16588 

2828 

20.6 

16584 

2575 

18.4 

16314 

2405 

17.3 

17913 

3198 

21.7 

20609 

4338 

26.7 

22001 

4749 

27.5 

23181 

5619 

32.0 

21609 

3843 

21.6 

20418 

4332 

26.9 

18951 

3120 

19.7 

17841 

2964 

19.9 

17553 

2938 

20.1 

17071 

3311 

24.6 

17061 

3052 

21.8 

16801 

2892 

20.8 

18420 

3705 

25.2 

21215 

4944 

30.4 

22677 

5425 

31.4 

23884 

6322 

36.0 

22248 

4482 

25.2 

21010 

4924 

30.6 

19502 

3671 

23.2 

18363 

3486 

23.4 

18083 

3468 

23.7 

17563 

3803 

27.6 

17545 

3536 

25.2 

17249 

3340 

24.0 

18905 

4190 

28.5 

21786 

5515 

33.9 

23314 

6062 

35.1 

obtaining  adequate  flows  for  fish  migration  will  be  exacerbated  in  the 
future,  unless  other  steps  are  taken  to  bring  loads  and  resources  into 
a  better  seasonal  balance,  without  having  to  increase" dependence  on  the 
hydroelectric  system  in  the  Columbia  and  Snake  Rivers  to  meet  seasonal 
load  vatiations. 

The  vast  majority  of  expected  new  energy  capability  in  the  region  consists 
of  baseload  coal  and  nuclear  plants.  6080  MW  of  nuclear  generation,  and  about 
2000  MW  of  coal -fired  generation  is  now  under  construction.  These  units 
produce  energy  most  economically  when  operated  at  as  high  a  capacity  factor 
as  possible.  Such  operation  is  inconsistent  with  the  need  to  increase  Winter 
generating  capability  by  nearly  twice  the  level  of  Spring  capability.  Other 
new  resources  include  such  measures  as  generation  from  water  running  in 
irrigation  canals;  unfortunately,  this  energy  is  only  likely  to  be  available 
during  Summer  months. 

The  problem  may  not  actually  be  as  severe  as  the  flow  modeling  being  carried 
out  by  the  Corps,  in  runs  made  for  NMFS,  suggests.  Some  mitigation  of 
the  problem  has  already  occurred,  and  additional  mitigation  is  both  possible 
and  likely.  A  review  of  actual  changes  in  loads,  compared  with  predicted 
changes  indicates  that  Winter  loads  are  growing  much  more  slowly  than 
estimated.  Table  2  compares  estimated  and  actual  monthly  loads  for  the 
West  Group.  In  each  case,  the  actual  load  has  been  compared  with  the 
load  predicted  for  that  period  in  the  five-year  earlier  West  Group  Forecast. 

While  the  consistent  overprediction  of  the  official  utility  forecasts  has 
been  documented  in  the  past,  this  analysis  shows,  that  the  overprediction 
has  been  much  more  significant  in  Winter  months  than  in  Summer  months.  For 
example,  the  average  overprediction  for  December  through  February  of  1977-81 


TABLE  2 


ESTIMaTLU  versus  actual  MUmHLY  WEST  GKOUP  LOADS^ 


July 

Aug 

Sept 

UCt 

tJov 
Uec 

oariuary 

Feb 

March 

April 

May 

June 

ouly 

Aug 

Sept 

Jet 

Kov 


odnuary 

Feb 

March 

April 

Way 

June 

July 

Aug 

Sept 

Oct 

Nov 

uec 

Odnuary 

Feb 

March 

April 

May 

oune 

July 
Aug 
■  ^ot 

Uec 


'7b 


'77 


'77 


'78 


'7b 


79 


79 


Actual  Luad 

Estimate-Actual  (From 

(Averege  HW) 

5  Yr  Earlier  Forecast) 

%   Under  (Over)  Forecast 

n^ld 

1798 

12.6 

lifbJb 

1982 

13.7 
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14615 
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16.1 
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♦Total  West  Group  Loads  (Includes  BPA  Non-Firm) 


was  2639  MW,  while  the  average  overprediction  for  April  through  June  was 
slightly  lower,  2565  f1W.  The  roots  of  this  overprediction  include  several 
problems;  these  problems  will  likely  have  an  effect  on  future  actual  loads. 

Continuing  increases  in  power  rates  will  most  likely  have  the  greatest 
influence  on  Winter  loads.  Research  has  indicated  that  large  residential 

users  (electric  heat  customers)  are  much  more  price-responsive  than  are 

2 
small  users.  New  inverted  rates,  ordered  by  the  regulatory  commissions 

of  Washington,  Oregon,  and  Idaho,  may  make  electric  heat  much  more  expensive 

than  alternative  measures,  including  conservation  investments,  wood  heat, 

and  gas  heat.  Low  first  block  rates  will  have  little  effect  on  "basic 

appliance"  usage,  which  is  essential  1  non-seasonal.  Specific  programs 

are  underway  to  address  electric  heat  conservation,  while  fewer  specific 

programs  are  addressed  at  appliance  and  lighting  usage,  which  are  less 

seasonal.  Programs  are  already  underway  to  discourage  electric  heat.  The 

Idaho  PUC  has  imposed  connection  charges  on  new  electric  resistance  heat 

customers  of  the  Washington  Water  Power  Company.  The  Oregon  and  Washington 

Commissions  have  also  taken  steps  to  curtail  new  electric  heat  connections. 

Ai !  of  these  changes,  if  effectively  implemented  on  a  regional  scale,  could 

alter  growth  patterns  in  electrical  consumption,  allowing  Spring  loads  to 

grow  more  rapidly  than  Winter  power  use,  thereby  shifting  streamflow  from 

Winter  to  Spring. 


REVIEW  OF  AVAILABLE  MITIGATION  MEASURES 

We  have  reviewed  a  variety  of  mitigation  measures  which  can  assist  in 
increasing  Spring  streamflows  to  assist  migration  of  juvenile  salmon.  The 
alternatives  are  not  mutually  exclusive.  Each  of  them  has  the  potential 
to  significantly  improve  migration.  Together,  the  measures  solve  the 
problem  several  times  over.  Even  partial  implementation  of  each  of.  the 
available  measures  could  essentially  meet  the  minimum  flow  requirements 
for  fish  migration. 

OPPORTUNITY  FOR  RELEASE  OF  UNCONTRACTED  IRRIGATION  WATER 

Research  on  this  report  has  included  an  effort  to  determine  if  uncontracted 
irrigation  water,  now  in  "dead  storage"  could  be  made  available  for  release 
in  dry  years  to  provide  for  enhanced  fish  flows.  The  total  amount  of 
water  needed  to  meet  the  April-June  incremental  flows,  above  an  beyond 
that  expected  to  be  used  to  meet  predicted  regional  power  needs,  amounts 
to  something  less  than  3  million  acre-ft  (40  kefs  in  the  second  half  of 
April,  and  20  kefs  in  May.) 

Uncontracted  irrigation  storage  exists  on  the  Snake  River  in  the  amount 
of  approximately  679,000  acre-ft.  This  water  is  held  in  four  reservoirs. 


as  snown  oei 

Qw; 

TABLE  3 

RESERVOIR 

ELEVATION 

DRAINAGE 

CAPACITY 

UNALLOCATED  STORAGE 

Lucky  Peak 

3060' 

Boise 

306.000 

116,000 

Oeadwood 

5321* 

Oeadwood 

164,000 

105.000 

Cascade 

4835 

Payette 

704,100 

378,000 

Ririe 

5119 

Willow  Ck. 

100.000 

80,000 

Total : 


679.000 


z:jz,: 


Reallocation  of  this  water  is  attractive  for  a  number  of  reasons.     First, 
it  would  assit  in  meeting  minimum  fish  flow  requirements  without  diminishing 
hydrogeneration,  but  rather  enhancing  it.     Given  the  high  altitude  of 
these  reservoirs,  significant  power  potential  can  be  realized  from 
release  of  this  water,  which  has  been  stored  through  all   recent  droughts. 
Assuming  an  average  working  (generating)  drop  of  3000'  on  679,000  acre-ft, 
a  total  of  about  two  billion  kilowatt-hours  could  be  generated.     Since 
this  generation  would  allow  other  water  to  be  stored  for  Winter  use,  the 
value  of  this  generation  is  essentially  the  value  of  Winter  energy.     At 
65  to  85  mills  per  kilowatt-hour,  the  value  of  the  power  which  would  be 
produced  at  existing  Snake  River  dams  is  approximately  $130  to  $175  million, 
during  the  dry  years  in  which  this  storage  is  released  for  power  purposes. 

Under  present  regulations,  this  water  can  be  requested  by  irrigators  for 
payment  of  a  50i/acre-ft  charge.     This  compares  with  a  value  of  approximately 
$200  per  acre-ft  for  power  production  purposes.     One  possible  approach  to 
obtaining  releases  of  this  water  for  power  (and  fish  migration)  purposes 
would  be  to  offer  the  State  of  Idaho  a  financial  incentive  to  reallocate 
the  water.     If  BPA  were  to  offer  the  Idaho  state  legislature  an  "avoided 

«"=>W0« 

cost"  settlement  for  the  value  of  the  poMer  which  would  be  generated  at 
downstream  federal  dams,  about  $100  million  could  be  made  available  to  the 
state  treasury  in  dry  years.  At  the  same  time,  this  water  would  generate 
power  at  Idaho  Power  Company  dams  on  the  upper  Snake,  bringing  additional 
low-cost  power  to  the  people  of  the  state  of  Idaho  and  Oregon  served  by 
Idaho  Power.  Aggressive  pursuit  of  this  option  could  provide  the  region 
with  an  additional  source  of  renewable  energy  in  dry  years,  while  at  the 
same  time  enhancing  fish  migration. 


A  small  amount  of  the  water  in  Lucky  Peak  was  withdrawn  for  irrigation 
purposes  in  the  drought  of  1977.  Any  negotiations  with  the  state 
legislature  in  Idaho  must  recognize  the  potential  for  conflict  with 
irrigators.  The  economic  benefits  of  reallocation,  however,  are 
sufiiciently  great  that  it  should  be  possible  to  compensate  irrigators 
for  lost  value,  and  still  provide  an  economical  source  of  power  and 
fish  migration  enhancement. 

We  have  not  aggressively  pursued  the  availability  of  uncontracted  Irrigation 
water  in  Columbia  River  reservoirs.  Grand  Coulee,  the  largest  irrigation 
project,  is  predicted  to  serve  an  additional  half-million  acres  of  land 

in  the  East  Columbia  basin.  It  has  been  argued  that  this  use  of  water  is 

3 
uneconomical.  The  political  sensitivity  of  the  potential  East  High 

development  is  of  such  a  magnitude  that  negotiations  for  reallocation  of 

this  water  would  be  very  difficult.  This  does  not  imply  that  such  a 

possibility  should  be  disregarded. 

RESCHEDULING  OF  THERMAL  MAINTENANCE 

Under  present  practices,  thermal  powerplant  maintenance  generally  takes 
place  in  June-September.  These  are  periods  when  runoff  tends  to  be 
highest,  and  loads  lowest.  Such  a  practice  has  the  effect  of  minimizing 
the  Loss  of  Load  Probability  (LOLP),  or  the  probability  that  instantaneous 
generating  capacity  will  be  insufficient  to  meet  instantaneous  loads. 

As  Table  4  shows,  loads  for  1985-86  are  expected  to  exceed  hydrogeneration 
under  all  circumstances,  except  for  one  month  during  the  wettest  of 
conditions,  under  the  modified  hydro  regulation  for  fish  migration. 
Basically,  this  tells  us  that  rescheduling  of  thermal  maintenance  into 
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May  could,  in  and  of  Itself,  completely  eliminate  the  problems  created 
by  providing  for  adequate  fish  migration  streamflows.  In  every  month. 
Including  May,  under  dry  or  average  conditions,  loads  would  still  be 
sufficient  to  use  all  available  hydrogeneration,  leaving  a  thermal 
deci  sment.  It  thus  would  not  even  be  necessary  to  move  all  thermal 
maintenance  into  May.  The  thermal  decrement  will  be  lower  under 
regulation  for  fish  migration  than  under  the  base  case  scenario,  but  the 
residual  decrement  could  be  met  either  by  providing  additional  flows 
for  fish,  further  enhancing  migration,  or  by  operation  of  some  thermal 
capacity. 

The  present  practice  of  delaying  thermal  maintenance  until  Summer  is  a  logical 
extension  of  the  practice  of  seeking  to  maximize  the  probability  of 
reservoir  refill.  Just  as  the  miximization  of  reservoir  refill  probability 
results  in  spillage  in  years  which  do  not  turn  out  to  be  dry,  late 
maintenance  means  that  reservoirs  are  largely  refilled  by  the  time  thermal 
plants  come  down,  leaving  less  available  storage  for  late  runoff.  An 
example  of  this  is  the  situation  of  1981,  where  Centralia  was  down  for 
"economy"  reasons  in  mid-Summer,  while  the  intertie  was  underutilized  in 
May.  As  a  result,  when  high  runoff  occurred  in  July,  it  was  necessary  to 
spill  380,000  cfs  at  Grand  Coulee  for  about  a  week.  Had  reservoirs  been 
drafted  lower,  providing  fish  migration  assistance  (and  returnable  secondary 
to  California)  this  additional  runoff  could  have  been  stored,  and  subsequently 
used  for  generation.  Return  would  have  been  unnecessary,  as  reservoirs 
filled  with  late  runoff,  and  both  NW  and  SW  ratepayers  would  have  benefitted 
financially. 

Table  5  shows  recent  thermal  downtime.  While  all  causes,  including  economy 
and  forced  outage  shutdowns  are  Included,  the  preference  for  Summer  thermal 


maintenance  is  clear.  This  downtime  occurs  after  the  period  when  fishery 
migration  would  benefit  greatly  from  additional  hydrogeneration  in  April  and 
May,  which  would  result  from  earlier  thermal  plant  maintenance. 

TABLE  5 

PLANT  PERIOD  OF  LOW  GENERATION 

1978  1979  1980  1981 

Central i a     Mid-May- July  July-Aug       Mid-May- July     Mid-May- July 

Hanford        June-July  May-July      June-Dec  June-July 

Trojan  Apr-Dec  Mid-May-Ju  Mid-May-June     May- July 

To  provide  for  adequate  fish  migration,  it  is  necessary  that  additional 
generation  be  achieved  in  April   and  May.     Moving  of  thermal   plant 
maintenance  into  these  months  will  enhance  the  ability  of  the  system  to 
provide  for  fish  migration,  without  significantly  adversely  affecting  the 
overall  output  of  the  system  on  an  annual  basis. 

In  wet  years,  reservoirs  are  drafted  early,  to  provide  additional  available 
storage  for  anticipated  runoff.     Such  drafting  also  has  the  effect  of 
providing  for  adequate  fish  flows.     In  such  years,  rescheduling  of  thermal 
maintenance  may  not  be  necessary  as  a  fish  migration  tool. 

CONSERVATION  PROGRAMS 

Under  the  terms  of  the  Act,  conservation  is  to  receive  top  priority  for  future 
energy  development.     The  majority  of  conservation  programs  now  underway  target 
residential  consumption.     This  is  beneficial   for  the  purposes  of  fishery 
enhancement,  since  residential  consumption  is  more  seasonal   than  either 


industrial  or  commercial  power  use.  Residential  conservation  which  addresses 
space  heating  needs,  above  all  other  programs,  will  help  to  flatten  out 
regional  loads  over  the  year,  and  thus  reduce  the  need  for  hydro  storage. 

The  interaction  between  load  reduction  in  Winter,  and  fishery  e.-hancement 
is  crucial  to  understand.  Under  the  intent  of  the  Hydro-Thermal  Power 
Program,  the  intent  of  regional  electric  utilities  was  to  build  baseload 
generating  plants,  both  coal  and  nuclear,  and  use  the  storage  capability  of 
the  Columbia  River  increasingly  for  Winter  peak  operation.  The  problems 
which  this  approach  caused  for  fisheries  was  the  springboard  for  the 
inclusion  of  fishery  protection,  enhancement,  and  mitigation  language  in 
the  Act. 

If  Winter  loads  are  reduced  by  2000  MW,  while  Summer  loads  are  untouched, 
the  need  for  approximately  1000  MW  of  baseload  generation  is  eliminated. 
Since  the  baseload  plant  displaced  would  have  met  1000  MW  less  than 
the  Winter  load,  and  1000  MW  more  than  the  Summer  load,  the  difference 
would  be  made  up  by  storing  water  during  the  Summer,  and  releasing  it 
in  the  Winter.  The  conservation  of  Winter  loads,  therefore,  allows  the 
Summer  loads  to  be  met  by  hydrogeneration.  By  meeting  additional  amounts 
of  Spring  load  with  hydro,  fish  migration  is  significantly  enhanced.  In 
a  sense,  then,  the  ideal  resource  is  one  which  produces,  or  conserves, 
energy  all  Winter,  but  does  little  or  nothing  to  reduce  Spring  loads  or 
porduce  Spring  energy. 

Table  6  lists  numerous  conservation  and  renewable  resource  measures,  and 
an  analysis  of  their  seasonality.  In  concentration  is  placed  on  those 
measures  which  provide  Winter  savings,  and  baseload  power  demands  are 
offset  by  a  lesser  amount  than  are  Winter  demands,  the  hydro  system  use 


TABLE  6 


APPROXIMATE  SEASONAL  SAVINGS  AS  A" PERCENTAGE  OF 
TOTAL  SAVINGS  OF  VARIOUS  CONSERVATION  AND  RENEWABLE  ENERGY  SOURCES 


Winter 

Spring 

Sunwer 

Fall 

Insulation 

50 

25 

5 

20 

Infiltration  Reduction 

50 

25 

5 

20 

Glazing 

50 

25 

5 

20 

Heat  Pump  (Space  heat) 

25 

35 

5 

35 

Passive  Solar 

25 

40 

10 

25 

Wood  Heat 

50  . 

25 

5 

20 

Solar  Water  Heat 

15 

30 

30 

25 

Heat  Pump  Water  Heat 

20 

25 

30 

25 

•^ot  Water  Efficiency  Improvements 

25 

25 

25 

25 

.ligh  Efficiency  Appliances 
and  Lighting 


25 


25 


25 


25 


I 


Wind*  1/ 


Coast/Cascades 
Coast  Range/Rockies 
Montana  Plains 

■^'-■xw:. 

50 
40 
30 

20 
25 
30 

10 

10 
15 

20 
25 
25 

lall  Hydro  11 

North  Puget  Basin 
South  Puget/Olympics 

25 
35 

35 
25 

15 
10 

25 

3U 

♦Locations  with  an  average  annual  power  density  greater  than 
150  watts  per  square  meter  swept  area  (lu  meter  tower) 
300  watts  per  square  meter  swept  area  (50  meter  tower) 

\l     Source:  Wind  Energy  Resource  Atlas:  Volume  I-The  Northwest  Region;  PNL-J195 
WERA-1  Battel le  Northwest  Labs.;  April,  19tiU. 

_,  Source:  An  Assessment  of  Potential  Hydroelectric  and  Power  Potential  in 
Washington  ^tate;  Washington  Water  Research;  June,  19dl. 


will  be  flattened  out,  and  fish  migration  enhanced.  Given  recent  slippages  in 
thermal  plant  schedules,  it  is  imperative  that  the  region  reduce  the 
growth  rate  of  energy  loads.  A  concentration  of  this  effort  on  Winter 
loads  will  accomplish  this  purpose,  while  at  the  same  time  enhancing 
fish  migration. 

Table  7  provides  one  estimate  of  the  magnitude  of  savings  which  are 
potentially  available  within  the  residential  sector  alone.  The  January 
estimate  is  derived  from  the  seasonality  factors  in  Table  6.  The 
alternatives  presented  are  not  intended  to  be  exhaustive  or  exclusive  of 
other  alternatives.  The  intent  is  to  demonstrate  the  potential  for  reducing 
Winter  loads,  by  promoting  particular  conservation  strategies  which  target 
the  loads  which  need  to  be  reduced  in  order  to  both  bring  loads  and 
resources  into  balance  (both  seasonally  and  in  the  aggregate)  and  to 
promote  fish  migration.   The  measures  identified  on  table  7  provide 
savings  which  greatly  exceed  the  load  shift  required  to  meet  fish  migration 
minimum  flow  requirements. 

GENERATION  ALTERNATIVES 

Given  the  assumed  loads  in  the  most  recent  PNUCC  forecast,  the  region 
will  require  generation  above  and  beyond  those  projects  now  under 
construction  (WPPSS  1-5,  Colstrip  3/4,  Valmy  1/2,  Wyodak  2,  and  miscellaneous 
small  projects.)   If  it  is  possible  to  develop  resources  which  provide 
their  peak  output  during  Winter  months,  and  relatively  low  output  during 
the  Spring  migration  season,  the  energy  needs  of  the  region  can  be  met 
while  simultaneously  enhancing  fisheries.  As  discussed  earlier,  the 
conservation  alternatives  detailed  on  Table  6  are  such  resources. 


TABLE  7 


RESIDEMTIAL  CONSERVATION  POTENTIAL 


Insulation-Walls,  Ceilings, 
9|   Floors 

Infiltration  Reduction 

Glazing 

Space  Heat  Pump 

Heat  Pump  Water  Heat 

.ter  Heater  Insulation, 
Flow  Restrictors 

High  Efficiency  Appliances 
and  Lighting 


No.  of  Retrofits 
(In  Thousands) 


1220 
875 
360 
484 

1946 
1946 
4765 


Total  Kwh 
Savings/Year 
(In  Millions) 


2877 
1880 
1307 
1547 

2628 
2673 
1265 


Approximate 
January 
Million  Kwh 
Savings 

468 
313 
216 
130 


173 
216 

104 

1620 


Total  = 


Source; 


Savings  in  Average  MW:    2219 

Preliminary_Comm^^  xhe  '^;^"''l  ";^°","^"o,  ;he  p'acific  Northwesl;' 

Cost-Eftective  keqional  Conservation  urogram  for  tne  j:ac _ 

March,  iybl. 


Two  particular  generation  alternatives  meet  this  test  as  well.  Several  do 
not.  In  particular,  wind  generation  and  some' small  hydro  installations 
West  of  the  Cascade  range  are  likely  to  provide  Winter  energy  in  excess  of 
their  output  in  other  times  of  the  year.  Baseload  plants,  such  as  coal 
and  nuclear  units,  by  definition  provide  output  on  a  more  uniform  basis. 
This  dictates  operation  "out  of  sync"  with  the  loads  of  the  region,  putting 
more  pressure  on  the  hydro  system,  and  thus  on  fisheries. 

Table  8  shows  regions  in  the  Northwest  where  wind  energy  tends  to  peak 

in  Winter  months.  Table  9  shows  those  areas  where  wind  levels  tend  to 

be  high  enough  to  support  economical  wind  generation.  The  development  of  wind 

resources  should  obviously  be  concentrated  in  those  areas  where  high  winds, 

coupled  with  a  Winter  peaking  pattern,  can  maximize  energy  production 

when  needed. 

Certain  small  hydro  sites  West  of  the  Cascade  range  are  well  suited  to  the 
need  to  increase  Winter  energy  production.  Many  of  these  sites  are 
environmentally  sensitive,  possibly  impacting  local  fisheries.  Others 
do  not  respresent  significant  environmental  concerns. 

The  Wynoochee  Dam  is  an  example  of  the  latter.  The  dam  has  already  been 
built,  and  the  environmental  damage  done.  The  Army  Corps  of  Engineers, 
together  with  Grays  Harbor  PUD,  is  considering  a  power  generation  retrofit 
for  Wynoochee.  One  concern  over  the  power  retrofit  has  been  an  effort  to 
retrofit  fish  ladders  at  the  same  time.  Council  action  may  be  the  best 
available  means  to  resolve  this  concern,  and  move  the  project  ahead. 


Wynoochee  happens  to  have  its  peak  outflow  during  the  Winter.  Grays 
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Harbor  County's  marine  climate  brings  large  amounts  of  rainfall   during 
the  Winter.     Retrofit  of  the  dam  with  generation  would  allow  this  to  be 
harnessed.     As  indicated  on  Table     6,  the  Wynoochee  pattern  is  typical 
of  the  Olympic  peninusla  and  South  Puget     Sound  areas. 


ELECTRIC  FURNACE  BUY-BACK  PROGRAM 

While  perhaps  not  strictly  considered  a  conservation  measure,  the  use  of 
natural  gas  to  replace  an  existing  Winter  electricity  use  does  effectively 
reduce  Winter  loads.     The  particular  use  considered  here  is  residential 
space  heating  employing  forced-air  electric  furnaces.     In  order  to  estimate 
the  economic  attractiveness  and  load  reduction  potential  of  fuel   switching 
this  use,  we  have  analyzed  a  program  of  "buying-back"  electric  furnaces 
and  replacing  them  with  natural   gas  fired  models. 

For  each  house  converted,  the  annual   savings  of  electricity  equals  the 
annual   space  heating  use.     The  total   number  of  candidate  houses  equals  the 
number  of  northwest  electrically  heated  homes  equipped  with  a  forced-air 
furnace  system  and  located  on  a  natural  gas  main.     The  cost  per  conversion 
Is  the  capital  cost  of  the  furnace  change  and  gas  hook-up  plus  the  added 
annual  cost,  if  any,  of  natural   gas  use. 

The  BPA  Draft  Technical   Assessment  of  Conservation  Potential  gives  the  average 
space  heating  use  in  electrically  heated  single  family  homes  in  the  north- 
west as  13,634  kwh.     The  Pacific  Northwest  Residential   Energy  Survey  com- 
pleted recently  for  BPA  indicates  that  6.4:?,  ov  all   northwest  homes  are 
electrically  heated  with  forced-air  furnaces  and  are  located  on  gas  mains. 
On  the  basis  of  the  number  of  single  family  electric  customers  in  the  West 
Group  region,  our  canditate  population  is  156,000  homes. 

Based  on  discussion  with  Washington  Natural  Gas  Company,  we  have  taken 
$900  as  an  average  conversion  cost.     To  this  is  added  an  annual  cost  of 
$15  for  maintenance.     The  price  difference  for  gas  and  electric  space 


heating  was  computed  on  the  basis  of  rates  in  effect  as  of  November  1981 
for  five  different  pairs  of  electric  and  gas  utilities.  Table  10  identifies 
these  utilities  by  representative  location  and  gives  the  current  additional 
cost  (or  savings)  of  using  gas.  These  amounts  were  computed  by  using  the 
average  base  household  electric  load  given  in  the  BPA  Draft  Technical  Assess- 
ment  and  assuming  a  70%  seasonal  efficiency  for  the  new  gas  furnace  installed. 
Appendix   presents  the  full  seasonal  rate  calculations.  The  seasonal  heating 
fractions  used  are  typical  of  Yakima,  which  appears  to  approximate  the  average 
northwest  climate. 
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TABLE    10 


Location 

Electric  Utility 

Natural   Gas  Utility 

Added  Cost  of  Gas 
Heating 

Seattle 

Seattle  City  Light 

Washington  Natural   Gas 

$152.63 

Bellevue 

Puget  Sound  Power 
&  Light 

Washington  Natural  Gas 

61.86 

Yakima 

Pacific  Power  & 
Light 

Cascade  Natural  Gas 

12.84 

Spokane 

Washington  Water 
Power 

Washington  Water 
Power 

14.72 

Portland 

Portland  General 
Electric 

Northwest  Natural  Gas 

-116.75 

We  have  computed  an  effective  cost  of  saving  this  electricity  via  this 
furnace  buy-back  program  by  adding  the  20  year  annual   financed  cost  of  the 
conversion  to  the  annual  added  fuel   and  maintenance  costs.     Divided  by  the 
annual   kwh  savings,  this  yearly  cost  equals  the  price  per  kwh  saved.     Using 
BPA's  current  financing  rate  of  1355,  the  kwh  cost  of  this  load  reduction 
ranges  from  a  high  of  21  mills  per  kwh  for  Seattle  City  Light  through  14  and 
10  mills  for  Washington  investor-owned  utility  customers  to  less  than  1  mill 
for  Portland  General   Electric  customers.     Even  the  highest  of  these  figures 


Is  much  less  than  the  cost  of  new  electric  resources.     The  lower  cost  figures 
represent  abaroainwith  respect  to  even  most  conservation  measures  suggested. 

Conversion  of  the  total   sample  of  156,000  homes  would  yield  an  annual   elec- 
trical  savings  of  2.1  billion  kwh.     92%  of  this  amount  would  be  saved  during 
the  period    October  through  April,  allowing  storage  for  May  fish  enhancement 
release.     The  October-April   total   savings    are  approximately  2,700  MW-months. 
The  added  natural   gas  load  resulting  from  this  program  equals  96  million 
therms.     This  is  only  6.3%  of  total   1980  natural   gas  sales  in  Washington 
alone  and  much  less  than  the  price  induced  sales  decline  that  the  region's 
gas  utilities  have  experienced  in  recent  years.     There  appears  to  be  no 
difficulty  in  supplying  the  natural  gas  needed  to  offset  the  electric  load 
reduction. 

As  large  as  these  savings  are,  they  do  not  include  additional  savings  that 
might  be  obtained  by  expanding  the  program  to  include  houses  not  now  on 
gas  mains  and  not  equipped  with  forced-air  systems.     While  these  classes  of 
conversions  would  entail  slightly  higher  costs,  the  cost  of  electricity 
saved  would  still  be  very  low  compared  to  new  generation.     Similarly  there 
is  probably  additional   large  conversion  potential   in  the  industrial  and 
commercial   sectofs,  some  of  which  is  Winter  peaking. 

To  prevent  erosion  of  these  savings  due  to  the  use  of  electric  heating  in 
new  homes,  some  mechanism  should  be  established  to  prohibit  or  persuade 
builders  from  adding  electric  heat  to  new  construction. 


EXCHANGE  OF  EXCESS  GENERATION  WITH  CALIFORNIA 

In  past  years.  It  has  been  possible  to  send  excess  generation  which  has 
resulted  from  fish  flow  releases  to  California,  on  a  provisional  ret'irn 
basis.  The  arrangement  has  typically  been  that  if  Northwest  reservoirs 
refill,  the  energy  is  treated  as  a  secondary  sale,  while  if  our  reservoirs 
do  not  refill,  the  energy  is  to  be  returned. 

Such  an  arrangement  has  been  made  in  the  past,  with  a  total  of  465  Gwh  having 
been  sent  from  the  NW  to  the  SW  in  1977/78  and  1979/80.  Of  this  amount,  only 
95  Gwh  was  recalled,  meaning  that  the  California  utilities  benefitted  to  the 
amount  of  approximately  370  Gwh,  sufficient  to  displace  approximately  25 
million  gal  of  oil,  improving  the  nation's  balance  of  payments  by  about  $25 
million  at  today's  oil  prices.  In  1977/78,  heavy  rains  in  the  Fall  made 
spills  necessary  at  some  power  stations;  had  the  "fish  water"  not  been 
sent  South  in  the  Spring,  it  is  likely  that  greater  spills  would  have  been 
required,  and  the  water  would  have  been  wasted. 

California  utilities  appear  to  be      willing  to  undertake  negotiations  to 
provide  for  return  of  provisional  energy  made  available  by  "fish  water"  releases. 
Their  concern  falls  into  three  categories: 

1)  That  they  not  be  obliged  to  return  energy  which  could  not  have  been 
stored  in  the  Northwest,  thereby  essentially  converting  "June"  secondary 
energy  into  "May"  storage  exchanges. 

2)  That  fluctuations  in  oil  prices  between  the  time  of  receipt  and  the  time 
of  return  be  covered  by  the  Northwest. 

3)  That  they  not  be  required  to  return  energy  until  after  October  15,  the 
close  of  their  air-conditioning  season. 


The  first  and  third  of  these  concerns  should  not  be  of  any  concern  to  the 
Northwest.  So  long  as  they  are  only  obliged  to  return  that  energy  which 
but  for  fish  flows  would  have  been  stored  for  regional  use,  the  NW  does  not 
lose  any  generation  which  could  have  been  used  here.  At  the  same  time,  since 
years  like  1977  and  1981  do  occur,  where  heavy  Summer  or  Fall  rains  make 
returns  unnecessary,  in  spite  of  below-rule  curve  reservoir  levels  in  the 
previous  Spring,  such  an  arrangement  may  provide  for  the  sale  of  secondary 
which  otherwise  might  have  had  to  have  been  spilled.  The  experience  in  these 
recent  years,  when  additional  provisional  sales  to  California  would  have 
resulted  in  greater  revenues  to  the  Northwest,  lesser  use  of  oil  for  California 
generation,  and  lower  rates  to  both  NW  and  SW. ratepayers,  has  given  SW  utility 
officials  the  confidence  they  need  to  enter  into  provisional  "fish  water" 
storage  exchange  agreements  with  the  NW. 

To  deal  with  the  first  concern,  unless  a  firm  storage  exchange  can  be  arranged 
with  a  Southwest  utility,  it  seems  reasonable  to  allow  the  SW  what  it  wants... 
the  opportunity  to  purchase  as  secondary  energy  the  power  produced  during 
"fish  water"  transactions  in  years  where  Northwest  reservoirs  subsequently 
do  refill.  The  arrangement  they  offer  is  advantageous  to  the  Northwest,  since 
it  gives  uS  the  oppoi  :;unity  to  sell  energy,  with  an  assurance  of  return  if 
it  turns  out  we  could  have  stored  the  energy.  The  cost  to  the  Northwest  in 
dry  years  is  essentially  the  losses  associated  with  two  way  transmission  on 
the  AC  or  DC  interties.  An  estimate  of  the  value  of  energy  sales,  and  the  cost 
of  losses,  is  provided  in  the  appendix  to  this  report. 

The  second  concern,  that  the  NW  absorb  any  fluctuations  in  prices  for  oil 
between  the  time  of  deliver  of  energy  from  the  NW,  and  the  time  of  return  to 
the  NW,  is  an  issue  which  needs  to  be  negotiated.  The  California  concern 


stems  from  problems  encountered  in  recent  years,  notably  1979/80,  when  the 
price  of  oil  skyrocketed,  due  to  the  Iran  crisis,  resulting  in  a  need  to  return 
energy  which  cost  substantially  more  to  produce  than  the  energy  displaced  by  the 
Spring  "fish  water"  energy  receipt  would  have  cost.  The  result  was  greater 
cost  to  their  cu<;tomers  than  would  have  been  the  case  if  the  storage  transaction 
had  not  taken  place.  This  concern  is  mitigated,  in  part,  by  the  fact  that 
we  can  provide  the  SW  with  energy  at  a  high  load  factor  in  Spring,  displacing 
inefficient  generating  plants  during  the  day,  and  more  efficient  plants  during 
off-peak  hours.  On  the  other  hand,  we  can  accept  return  of  the  energy  during 
off-peak  hours  in  October,  November,  and  December,  allowing  them  to  return  the 
energy  using  fewer  bbls  of  oil  than  we  initially  displaced.  The  NW  should  take 
a  tough  bargaining  stance  on  this  issue;  we  may  have  to  accept  the  risk  of 
oil  PRICE  changes,  but  that  should  be  offset  by  oil  QUANTITY  savings. 

The  third  concern  of  California,  that  they  not  be  asked  to  return  energy  until 
after  October  15,  should  be  a  welcome  offer  to  the  NW.  Based  on  the  1981  West 
Group  Forecast,  November  and  December  loads  are  significantly  higher  than 
September  and  October  loads.  Having  the  energy  returned  to  us  during  a  period 
when  loads  are  high  helps  to  offset  a  load  which  would  otherwise  require  either 
additional  hydro  storage,  or  the  use  of  thermal  resources  in  the  Northwest,  with 
their  high  attendant  costs.  The  NW  may  want  to  negotiate  to  have  returns  take 
place  specifically  during  high  load  off-peak  hours  in  December/January.  Our 
high  load  factors  (daily)  during  the  Winter,  due  to  electric  heat  saturation, 
would  allow  the  NW  to  use  off-peak  energy  from  California  to  allow  reservoir 
levels  in  run-of-river  plants  to  build  up,  providing  additional  head,  and  increased 
peaking  capacity.  So  long  as  minimum  flow  requirements  were  met,  which  is  likely 
during  particularly  cold  periods,  significant  economic  savings  could  be  enjoyed. 
Negotiations  for  return  of  "fish  water"  storage  could  prove  very  attractive 
for  both  the  NW  and  the  SW. 


m. 


ECONOMIC  COSTS  OF  "WORST  CASE"  MITIGATION  MEASURES 

This  analysis  of  the  cost  of  providing  the  modifications  for  fishery 
migration  contained  in  the  "V"  computer  run  of  the  Army  Corps  of 
Engineers  hydro  model  makes  numerous  assumptions  regarding  the  cost 
of  energy,  the  value  of  secondary  energy,  and  the  probability  of 
reservoir  refill.  These  derive  from  various  sources. 

The  cost  of  new  energy,  on  an  annual  basis,  is  presumed  to  be  65  mills/kwh 
at  the  generating  plant.  This  is  approximately  the  midpoint  of  two  recent 
analyses,  and  approximates  the  cost,  in  1981  dollars,  of  power  from  WPPSS 
units  4&5f 

Secondary  energy  is  assumed  to  be  priced  at  30  mills/kwh  in  the  ten 
driest  years  of  the  40  year  water  study,  which  this  report  evaluates  as 
those  most  likely  to  involve  adverse  fish  migration  opportunities.  It  is 
wCm/Tion  in  wet  years  for  secondary  to  be  priced  much  lower,  but  in  dry  years 
a  premium  price  is  obtainable,  and  has  been  assumed.  30  mills  is  approximately 

a  "split-the-savings"  rate,  between  the  incremental  cost  of  NW  generation, 
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and  the  decremental  cost'  of  SW  generation  from  oil  and  gas.  While  an 

actual  price  would  have  to  be  negotiated  for  the  sale  of  "fish  water" 
energy,  our  discussions  with  SW  utilities  have  indicated  that  such  a  price 
may  be  reasonably  obtainable,  provided  that  other  concerns  they  have  are  met. 

The  loss  of  an  average  of  35  MW  of  generation  is  a  cost  of  reregulation  of 
the  hydro  system  which  must  be  assigned  to  the  fishery  enhancement  program. 
19  of  this  is  additional  spill,  required  to  maintain  adequate  flows.  The 
remainder  is  due  to  the  fact  that  reregulation  generally  creates  a  situation 
where  reservoirs  are  not  kept  as  full  as  would  present  regulations. 


Lower  heads  result  in  less  power  being  generated  from  available  streamflows. 
The  loss  of  this  35  average  MW  -ust  be  considered  a  "cost"  of  returning  the 
river  to  multiple  use.  At  65  mills,  the  annual  average  we  have  used  in  this 
analysis,  this  amounts  to  $19.9  million  per  year. 

It  should  be  pointed  out,  however,  that  the  revisions  contained  in 
run  "V"  cause  the  hydro  system  to  produce  a  greater  amount  of  energy, 
on  average,  in  the  driest  years  of  operation.  Specifically,  in  the  seven 
driest  years  of  the  40  year  water  study,  an  average  of  69  average  MW  of 
energy  is  produced  above  the  expected  generation  under  current  regulation. 
Since  these  driest  years  are  the  most  likely  years  for  operation  of  oil 
fired  powerplants  to  meet  regional  load,  this  additional  generation  will 
save  expensive  fuel.  Assuming  that  generation  from  residual  oil  fired  plants 
in  California  is  available,  savings  of  1  million  bbl  of  oil  can  be 
anticipated  in  these  dry  years,  valued  at  $40  million.  If  combustion 
turbine  generation  would  be  required  in  the  absence  of  this  generation, 
higher  costs  would  be  incurred.  This  could  tend  to  mitigate,  economically, 
much  of  the  extra  cost  associated  with  the  net  loss  of  generation  over  the 
40  year  water  study,  some  35  MW  on  average. 

A  large  portion  of  this  35  MW  loss  could  be  eliminated  by  the  installation 
of  additional  generation  at  Dworshak  dam  in  Idaho.  During  dry  years, 
regulation  "V"  drafts  substantial  amounts  of  water  from  Dworshak  in  April 
and  May.  Much  of  this  must  be  spilled,  due  to  limited  generating 
capability.  The  1981  PNUCC  forecast  shows  an  additional  220  MW  generator 
to  come  on  line  at  Dworshak  beginning  in  1987.  This  would  allow  substantially 
all  of  the  proposed  spill  to  be  generated  instead.  Since  this  additional 
generation  would  be  occurring  in  the  Spring,  we  have  assumed  that  it  will 
be  sold  at  secondary  rates.  In  actuality,  it  may  be  possible  to  store  this 


generation  with  California  utilities,  subject  to  recall  in  the  event  that  NW 
reservoirs  do  not  refill.  If  this  were  achievable,  it  would  significantly  reduce 
costs  below  those  estimated  herein. 

We  stress  that  this  is  a  "worst  case"  estimate.  If  water  were  available 
from  uncontracted  irrigation  reserves,  the  spillage  at  Dworshak  would  be 
reduced  or  eliminated.  If  load  shifting  results  from  the  implementation 
of  conservation  strategies,  or  the  development  of  load-matched  resources, 
costs  are  similarly  eliminated. 

The  strategy  used  in  this  analysis  to  compensate  the  region  for  generation 
rescheduling  caused  by  regulation  of  the  hydro  system  for  multiple  uses 
centers  on  storage  of  surplus  Spring  generation  during  dry  years  with 
Southwest  utilities,  subject  to  recall.  This  strategy  is  discussed  at  length 
under  "Exchange  of  Excess  Generation  With  California."  BPA  has  used  such 
an  approach  at  least  twice  in  the  past,  in  1977  and  1980. 

In  eight  of  the  ten  driest  years  of  record,  we  have  assumed  that  all  of  the 
energy  generated  in  excess  of  that  which  would  be  developed  under  present 
regulation  would  be  transmitted  to  California  during  April  and  May,  but  recalled 
in  October  through  December.  This  recall  is  acceptable  to  system  dispatch 
needs  in  California,  and  allows  the  NW  to  rebuild  reservoir  heads  in 
anticipation  of  Winter  peaking  needs.  During  two  dry  years  of  the  ten, 
we  have  assumed  that  recall  would  not  turn  out  to  be  appropriate,  due  to 
successful  refill  of  Northwest  reservoirs.  It  is  this  potential  of  obtaining 
secondary  energy  in  April  and  May,  which  would  otherwise  have  had  to  be 
spilled  in  late  Summer,  which  makes  the  exchange  program  attractive  to 
California.  Basically,  this  feature  makes  it  a  "no-lose"  proposition  to 
the  Southwest.  This  is  consistent  with  our  "worst  case"  approach.  A 


strong  negotiating  posture  with  California  utilities  could  hold  costs 


well  below  the  levels  we  have  calculated. 


In  years  when  energy  is  to  be  recalled  from  California,  the  NW  must  absorb 
the  transmission  losses  in  both  directions,  to  avoid  adverse  cost  impacts 
to  California.  At  15%,  this  amounts  to  about  96,000  [^h,  or  $6.2  million 
per  year.  Over  the  eight  dry  years,  the  total  cost  of  these  losses  is  $49.8 
million.  During  two  of  the  ten,  we  have  assumed  that  the  system  will  refill, 
and  that  the  energy  sent  to  California  in  April  and  May  will  be  sold  at 
secondary  rates.  This  is  in  addition  to  any  secondary  which  becomes 
available  at  Dworshak,  after  the  installation  of  unit  #4,  as  discussed 
earlier. 

At  30  mills,  the  638,640  Mwh  sold  in  each  of  these  years  will  bring  in 
revenue  of  $19.16  million.  This  should  properly  be  offset  against  the 
cost  of  the  proposed  revision  to  hydro  regulation,  bringing  the  net  cost 
for  the  ten  driest  years  to  $11.5  million  for  the  power  exchange.  On  an 
annual  basis,  over  the  full  40  year  water  study,  the  cost  of  the  "fish 
water"  exchange  is  thus  only  $287,500  per  year,  a  minimal  cost  to  ratepayers. 

The  value  of  the  secondary  sold  as  a  result  of  system  refill  in  two  of 
the  driest  years  is  propserly  credited  against  regulation  of  the  river  for 
fish  enhancement  for  one  simple  reason.  If  early  reservoir  drafts  were 
not  made  in  these  year,  late  runoff  would  result  in  reservoir  spill.  Under 
present  regulations,  as  observed  in  both  1977  and  1981,  late  runoff  did 
result  in  spills.  If  reservoirs  had  been  provisionally  drafted,  to  provide 
more  adequate  fish  migration  opportunities,  the  later  runoff  could  have 
been  captured  and  used  for  power  purposes.  As  it  was,  the  water  in  those 
years  was  wasted. 


The  cost  of  the  "fish  water"  exchange  with  California  must  be  added  to  the 
replacement  cost  of  the  reduced  average  generation  from  reregulation, 
including  additional  spill.  The  total  annual  cost  of  the  proposed  strategy 
for  reregulation,  under  this  "worst  case"  scenario,  is  thus  $18.2  million. 
It  ib  this  figure  which  can  be  compared  with  the  economic  benefits  of 
enhanced  fisheries  from  more  balanced  river  management. 


WORST  CASE  ANALYSIS 
ECONOMIC  COSTS  OF  FISH  EXCHANGE  MITIGATION 

35  Average  MW  reduction  in  hydrogeneration  (Run  "F"  vs  Run  "V") 

306,600  MwH  9   65  mills/kwh  $19.9  million/yr 

Less:  8  Average  MW  additional  secondary  from  Dworshak  #4, 
scheduled  on-line  1987 

70,080  MwH  ?  30  mills/kwh  $2.1  million/yr 

Total  cost  of  generation  reduction:  $17.9  million/yr 

Cost  of  "Fish  Water"  power  exchange  with  California 

Average  increase  in  Spring  generation  (10  driest  years  of  record) 
is  887  MwMo,  or  638,640  MwHr. 

In  8  years  out  of  ten  driest,  assume  energy  must  be  returned; 

In  2  years  out  of  ten  driest,  assume  that  the  system  refills,  and 

energy  can  be  sold  as  secondary. 

8  years,  15%  losses  must  be  absorbed  in-region: 

95,976  MwHr  @  65  mills/kwh  $6,226  million/yr    $49.8  million 

2  years  Energy  is   sold  as  secondary 

638,640  MwHr  @  30  mills  $19.16  million/yr    ($38.3  million) 

Total  cost  of  exchange  in  ten  driest  years:  $11.5  million 

Modified  operation  of  reservoirs  does  not  significantly  affect 
refill  probabilities  in  30  normal  and  wet  years  of  water  study 

Weighted  average  cost  of  reser-voir  reyuldtion  modifications 

is  thus  $11.5  million/40  years:  $287,500/yr. 

Total  cost  of  fish  migration  revisions:  $18.2  million/yr. 


FOOTNOTES 


1     See:  Public  Utility  Commissioner  of  Oregon,  West  Group  Forecast 
Analysis,  T.  Zepp,  1979  -   • 

Also:  Choosing  and  Electrical  Energy  Future  for  the  Pacific 
Northwest,  Natural  Resources  Defense  Council,  1980 

2)  Pacific  Gas  and  Electric  Co.,  Status  of  Residential  Elasticity 
Studies,  1980 

3)  Whittlesey,  N.K.  et.  al . ,  Energy  Tradeoffs  and  Economic  Feasibility 
of  Irrigation  Development  in  the  Pacific  Northwest,  College  of 
Agriculture  Research  Center,  Washington  State  University,  1981 

4)  See:  Comments  on  BPA  Billing  Credit  Program,  Natural  Resources 
Defense  Council  (84  mills),  1981, 

Also:  Long  Run  Incremental  Cost  Analysis,  Bonneville  Power  Administration, 
1980  (43  mills) 

5)  See:  Hypothetical  Markets  for  Import  and  Export  of  Electricity 
from  the  Pacific  Northwest,  Dames  and  Moore,  1981  at  P.  11 

6)  See:  Interregional  Resource  Potentials,  BPA,  June,  1981 
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INTRODUCTION 

The  °acific  Northwest  ?ov;er  Planning  and  Conservation  Act  of  1980 
(Public  Law  96-501),  whicn  established  the  Power  Planning  Council 
(PPC),  provided  for  the  promot  development  and  adootion  of  a  prografn 
to  protect,  mitigate,  and  enhance  fisn  and  wildlife  resources  on  the 
Columbia  River  and  its  tributaries.  The  PPC  requested  on  June  10,  1931, 
the  appropriate  Federal  and  State  fish  and  wildlife  agencies  and  Indian 
Tribes  of  the  region  to  develop  measures  and  objectives  to  be  implemented 
for  development  and  operation  of  projects,  and  to  coordinate  management, 
research,  and  development  programs  to  orotect ,  mitigate,  and  enhance  the 
fish  and  wildlife  resources.  This  report  addresses  the  resident  fish 
component  of  this  request  by  the  PPC  with  additional  reports  addressing 
the  anadromous  fish  and  the  wildli'l'e  components  also  being  submitted. 

The  Columbia  Basin  Resident  Fish  Technical  Committee  (CBRFTC),  which 
prepared  this  report,  evolved  from  the  resident  fish  subcommittee  of  the 
Pacific  Northwest  River  Basins  Comnission.  Originally  the  committee  was 
asked  to  prepare  a  report  dealing  with  the  issues  and  problems  con- 
fronting resident  fish  and  to  demonstrate  the  recreational  value  of  the 
resource  for  the  Pacific  Northwest  River  Basins  Commission. 

The  Ad  Hoc  E.xecutive  Coinmittee  for  Power  Act  coordination  narrowed  the 
scope  to  address  the  impacts  power  development  and  its  operation  have 
on  resident  fish.  A  formal  structure  for  the  CBRFTC,  mission,  goal, 
objectives,  and  membership  were  adopted  by  the  Ad  Hoc  Executive  Committee 
July  27,  1981.  The  U.S.  Fish  and  V.'ildlife  Service  was  designated  the  lead 
agency  coordinating  the  efforts  with  the  recommendations  and  supporting 
evidence  developed  for  each  State  by   the  agency  resoonsible  for  managing 
the  resource:  Montana  Department  of  Fish,  Wildli^'e,  and  Parks  (Appendix 
A):  Idaho  Depertm.ent  of  Fish  and  Gaine  (Appendix  3):  i-Jashingtor,  Depai^tment 
of  Game  (Appendix  C):  and  Oregon  Department  of  Fish  and  W'ldiife  (Aooendix 
D). 


SCOPE 

Resident  fishes  inhabit  all  the  waters  in  the  219,400  square  mile 
Columbia  Basin.  For  this  report,  the  waters  and  fishes  affected 
by  presently  operating  power  plants  received  the  najor  einphasis  with 
a  few  general  recommenda:.ions  identifying  factors  to  be  considered 
if  future  projects  are  developed. 

The  species  of  game  fish  referred  to  in  this  report  may  be  categorized 
as  coldwater,  coolwater,  and  warmvater  species.  Coldwater  species  are 
kokanee  (Oncorhynchus  nerka),  cutthi^oat  (Salmo  clarki ) ,  rainbow  {S_. 
gairdneri),  brown  (S.  trutta),  bull/Dolly  Varden  (Salvelinus  confluentus) , 
and  Drook  trout  (S.  fontinal is) ,  and  mountain  whitefish  (Prosopium  williamsoni) 
Coolwater  species  are  smallmcuth  bass  (Micropterus  dolomieu.),  walleye 
(Stizostedion  vitreuni),  and  yellow  perch  (Perca  flavescens);  warmwater 
species  are  largemouth  bass  (iMidrnpterus  sa  irioides) .  channel  catfish 
(Ictal'jnjs  punc'atus),  bullheads  (I  spp. ) ,  sunfishes,  (Lepomis  spp. ) , 
and  crappies~TPomoxis  spp.).  Two  anadromous  soecies,  white  sturgeon 
(Acipenser  transmontanus)  and  American  shad  (Alosa  s?pidissoma)  were 
also  included  in  this  report  since  many  of  their  life  history  require- 
ments are  more  comparable  with  resident  fishes  than  with  the  salmonids 
discussed  in  the  anadromous  fish  report.   In  addition  to  these  desirable 
species  for  which  the  State  agencies  manage  the  waters,  various  nongame 
species  are   present.  The  nongame  species  of  particular  concern  referred 
to  include;  carp  (Cyprinus  carpio)  ,  northern  sauawfish  (Ptycheilus 
oreqonensis) ,  and  suckers  (Catostomus  spo.). 

The  recommendations  presented  are  of  three  types:  (1)  Modification  of 
present  operational  regimes;  (2)  Continuation  of  existing  constraints 
on  a  projects  operational  regime;  and  (3)  Studies  to  provide  biological 
data  for  scientific  management  of  the  resource.  The  first  tyoe  of 
recommendations  are  primarily  targeted  at  projects  net  Included  in  the 
anadromous  fish  report.   Rather  than  duplicate  the  recommendations  on 
flows  included  in  the  anadr-omous  fish  report,  the  resident  fish  committee 
endorses  these  recommendations  since  they  would  also  benefit  resident 
as  well  as  anadromous  species.  The  second  type  of  recomendations 
apply  to  constraints  originally  placed  on  a  project  to  D'"otect  or  enhance 
the  resident  fishery,  and  if  they  have  been  successful  they  are   recommended 
to  continue.   The  third  type  of  reco^'imendations  are  concerned  with  funding 
stucies  to  obta-'n  information  requ'red  to  develop  plans  -3^   scientif''cal  ly 
managing  a  resource  jndc'"  tne  prese-^T.  •.".pnoi  rir.ns  inposed  o»*  .".reated  Py 
ope-'aticn  of  the  oower  system.  Cost  estimates  of  the  rgcommendat'ions 
could  not  be  made  since  the  committee  dij  not  '^ave  t.':?  exoe'^tise  or  data 
to  co~pijte  potential  power  -"evenues  w'^'cn  'a./  oe  lost  0^   the  extent  of 
the  studies  required  to  provide  tr.-2  cez-.s-zo-' .'   -aa^a. 


The  evidence  to  support  the:e  recommendations  was  prepared  by  each  State 
(Appendices  A  to  D).  The  supporting  documents  prepared  by  the  State  of 
Montana  (Appendix  A)  also  include  reconrendations  pertaining  to  wildlife 
resources  and  those  prepared  by  the  Confederated  Salish  and  Kootenai  Tribes, 
However,  these  recommendations  are  not  included  in  the  next  section. 
The  v;ater sheds,  power  projects,  historical  and  present  fishery 
resource,  and  fishery  management  plans  are  reviewed.  Since  the 
construction/operating  agencies  failed  to  fund  pre-project  inventories, 
the  pre-project  extent  of  the  resource  and  public  use  could  not  be 
quantified  but  only  described  as  to  quality.   In  fact,  current  data 
dre   generally  lacking  at  most  projects  as  to  the  present  extent  of  the 
resource  so  only  general  statements  regarding  the  quality  of  the  fishery 
could  be  made  as  to  the  deliterious  or  beneficial  impacts  that  resulted 
from  the  construction/operation  of  a  project. 


RECOMMENDATIONS  FOR  RESIDENT  FISH 


GOAL:     RESTORE  AND  PROTECT  TO  THE  GREATEST  EXTE:;T  POSSIBLE  THE  RESIDENT 
FISHERY  RESOURCE  IMPACTED  8Y  THE  DEVELOPMENT  AND  OPERATION  OF 
THE  COLUMBIA  RIVER  BASIN  POWER  SYSTEM. 


OBJECTIVE  1:   REPRODUCTION  AND  REARING 

Restore  and  protect  suitable  habitat  for  spawning,  incubation,  emergence, 
and  rearing  to  provide  adequate  recruitment  for  naintaining  resident 
sport  fish  populations  at  levels  needed  to  meet  public  deniand. 

1.1  Reservoir  Discharge:  Maintain  desirable  stream  flow  to  ensure 
successful  reproduction  and  rearing. 


MONTANA 


1.1.1  Hungry  Horse  Cam  should  be  operated  to  ensure  successful 
reproduction  of  kckanee  in  the  Flathead  River  as  follows 
(Appendix  A,  p.  19) : 

Spawning  -    Flow  at  Columbia  Falls  should  not  be  less 
than  4.000  cfs  and  not  more  rhan  4,500  cfs 
betv/een  the  liours  of  1700  and  2400  through- 
out the  month  of  November.   From  2400  to 
1  70^^  hours,  the  flow  may  exceed  'J, 500  cfs 
but  should  never  be  less  than  2,500  cfs. 

Incubation-    A  minia'.um  flow  of  at  least  2,500  cfs  at 
Columbia  Falls  should  be  maintained  24 
hours  per  day  from  Oecember  1  through 
March  31. 

Emergence  -    A  minimum  flow  of  not  less  than  -,000  cfs 
at  "ol'.jmbia  Falls  should  be  maintained  24 
hours  per  day  from  April  1  jniil  combined 
flows  of  the  Nortn  and  "-'iddle  "^'.rk  Flathead 
Rivers  exceed  4,000  cfs. 

1.;.2    A  minimum  :"lcw  ~f   at  least  2,500  cfs  ■'n  tne  -l^theaa 

River  at  Columbia  Falls  -hould  be   maintai-'ed  2^  hojrs  ce-^ 
day  from  .'uly  i  thrcuQn  Ocrobfrr  31  (Apoen'rlix  A,  p.  20). 

1.1.3    Effects  of  amount  .end  timi.io  ot"  ccnt-'ol'ec  'jischarges 
from  runqry  Horse  lam  on  di  str'^bution  zr-'i   micf  at' "■''.  of 
kckanee  spawners  •■r.   the  Flathead  River  ?••;::,•/:  ire  quanti- 
fied (Aopendix  -,  p.  23) . 


1.1.4    To  meet  the  management  goal  of  improving  kokanee  repro- 
_ijr       ductive  success  and  the  kokanee  snag  fishery  in  the  Swan 
River,  it  is  necessary  to  investigate  past  mitigation 
attempts  and  operations  of  Big  Fork  Dam  to  determine  if 
present  practices  should  be  continued,  altered,  or  abandoned. 
Specific  objectives  include  (Appendix  A,  p.  31): 

1.   Document  the  effect  a  minimum  flow  of  20  cfs  has  on 
successful  reoroduction  and  incubation  of  kokanee 
salmon.  ....  -y 

'  2.       Document  the  effect  a  surge  flow  of  150-250  cfs, 
t  during  the  hours  of  2:00  am  to  6:00  am  two  or  three 

I  days  a  week,  has  on  mitigation,  spawning,  and  in- 

'.  cubation  success  of  kokanee. 

I 

i  3.   Continue  the  practice  of  adding  spawning-sized 

i  gravel  downstream  from  Big  Fork  Dam  and  document  if 

}  kokanee  reproductive  success  is  improved  by  this 

^^  method. 

» 

I  4.   Document  if  kokanee  (or  other  fish)  recruitment 

I  downstream  out  of  Swan  Lake  is  prevented  by  diver- 

':  sion  through  the  Big  Fork  powerhouse  and  investigate 

I  appropriate  measures  to  reduce  entrain'nent  (if 

needed). 

^  1.1.5    Maintain  the  present  minimum  flow  of  40  cfs  between  Big  Fork 

Dam  and  the  powerhouse  and  document  if  this  flew  is  sufficient 
to  ensure  successful  reproduction  and  rearing  of  resident 
species  such  as  rainbow  trout  (Appendix  A,  p.  32). 

WASHINGTON 

1.1.6     The  following  recommended  Vakima  River  Basin  streamflows, 
largely  regulated  by  USBR  reservoir  discharge  would  be 
possible  in  large  part  with  1.8.17  (enlarged  Bumping 
Reservoir)  and  should  be  strived  for.  Reservoir  discharge 
should  not  be  regulated  for  new  and  future  hydro-generation 
at  the  expense  of  fishery  needs  (Appendix  C,  p. 33). 


Yakina  River  Ootimum  (cfs)  Minimum  (cfs) 

At  Martin  100  35 

"  Easton  285  95 

"  Cle  El  urn  625  210 

"  Umtanum  730  240 

"  Pomona  730  240 

"  Yakima  1260  420 

"  Parker  1355  450 

"  Prosser  1685  560 

"  Kiona  1680  560 

Kachess  River 

At  Easton  90  30 

Teanaway  River 

At  Forks  100  35 

Cle  El  urn  River 

At  Roslyn  230  95 

Bumping  River  90  30 

Naches  River 

Above  Tieton  River  conf 1 .  365  120 

Below  Tieton  River  conf 1 .  530  180 

Tieton  River 

Below  Rimrock  Reservoir  150  50 

Below  diversion  170  55 

1.2  Reservoir  Operation:  Maintain  reservoirs  within  desirable  vertical 
limits  to  ensure  successful  reproduction  and  rearing. 


MONTANA 


1.2.1  Drawdown  of  Hungry  Hcrse  Reservoir  should  not  exceed  35 
feet  (Appendix  A.  p.  25). 

1.2.2  Results  from  a  recently  initiated  kokanee  study  should  be 
evaluated  to  deterTiir.e  measures  which  coulc  be  imple- 
mented to  imorove  reproductive  success  of  kokanee  in 
Flathead  Lake  and  orovide  a  good  lakeshore  sna;g'r,q 
fishery  (Appendix  A,  p.  39/. 


1.  Investigate  the  effect  of  operation  of  Kerr  and 
Hungry  Horse  dams  on  water  levels  in  Flathead  Lake 
and  quantify  effect  of  amount  and  timing  of  drawdown 
on  distribution  and  reproductive  success  of  kokanee 
spawning  on  Flathead  Lake. 

2.  Delineate  extent  of  successful  shoreline  spawning  in 
Flathead  Lake  both  on-shore  (less  than  20  feet  in 
depth)  and  off-shore  (greater  than  20  feet  in  depth). 

3.  Quantify  influence  of  ground  water  on  incubation 
success  of  on-shore  spawners  in  Flathead  Lake  subject 
to  dewatering  by  lake  drawdown. 

1.2.3  To  maintain  habitat  conditions  suitable  for  the  survival 
of  salmonids  in  Georgetown  Lake,  future  operations  of  the 
Flint  Creek  Project  should  not  be  altered  from  past 
practices  without  considering  and  incorporating  the  needs 
of  the  fishery  in  those  plans  (Appendix  A,  p.  62). 

1.2.4  Upon  completion  of  tne  long-range  planning  process  for 
Milltown  Dam  in  1982,  a  study  should  be  conducted  to 
evaluate  the  impacts  of  Montana  Power  Company's  recommenda- 
tion on  suspended  sediments,  heavy  metals,  fish  abundance 
and  growth,  and  probably  macroinvertebrate  populations. 

The  evaluation  should  determine  if  the  measures  recommended 
adequately  protect  the  fishery  resource  downstream  from 
the  project  (Appendix  A.  p.  65). 

1.2.5  Existing  constraints  on  operations  of  Libby  Dam  for 
fisheries  should  be  maintained  (Appendix  A,  p.  101). 

1.2.6  Effects  of  Libby  Dam  operation  on  reproduction  and  rearing 
of  white  sturgeon  in  the  Kootenai  River  should  be  assessed 
(Appendix  A,  p.  102). 


IDAHO 


1.2.7    Maintain  opei^ation  of  Post  Falls  Dam  to  minimize  impacts 
on  fishery  resources  (Appendix  B.  p.  6). 


f  1.2.3    A  study  should  be  conducted  by   review  all  existing  information 
I  to  determine  the  relative  role  of  the  two  hydroelectric 

I  facilities  on  the  Pend  Oreille  system  in  declines  of 

I  major  sport  specie?  (Appendix  3,  p.  18). 


1.2.9    The  Boise  River  system  is  harnessed  and  controlled  by  a 
series  of  storage  dams,  diversion  dams,  and  canals.  A 
number  of  hydroelectric  projects  have  been  suggested  at 
outlets,  drains,  and  drop  structures.  Each  new  development 
will  have  some  impacts  on  fishery  resources  and  will 
require  one  or  more  of  the  following  measures  to  mitigate 
or  minimize  impacts  (Appendix  B,  p.  21): 

1.  Within  the  constraints  of  existing  diversion  and 
storage  rights,  instream  flows  sufficient  to  main- 
tain aquatic  resources  should  be  provided. 

2.  Turbine  intakes  should  be  screened  or  game  fish  lost 
to  turbine  mortalities  should  be  replaced. 

3.  Introductions  of  suitable  species  of  game  fish 
should  be  made  as  necessary  to  maintain  sport  fish- 
eries in  all  waters  affected  by  hydropower  projects. 

4.  Habitat  degraded  by  hydroelectric  development  should 
be  restored  or  replaced. 


WASHINGTON 


1.2.10  To  enhance  successful  reproduction  and  rearing,  the  water 
levels  of  mid-Columbia  River  reservoirs  should  fluctuate 

2  feet  or  less  in  elevation.  March  through  August  (Appendix 
C,  p./O). 

1.2.11  Rimrock  Reservoir  should  not  be  drawn  down  below  a  mini^Tium 
pool  of  30,000  acre-feet,  which  is  in  addition  to  dead 
storage.  Reservoir  discharge  should  not  be  regulated  for 
new  and  future  hydro-generation  at  the  expense  of  fish 
flow  needs  (Appendix  C,  p.3jr). 

1.2.12  Keechelus  Reservoir  should  not  be  drawn  down  below  a 
minimum  pool  of  25.000  acre-feet,  which  is  in  addition  to 
dead  storage.  Reservoir  discharge  should  not  be  regulated 
for  new  and  future  hydrogeneration  at  the  expense  of  fisn 
flow  needs  (Appendix  C.  p.  34). 

1.2.13  The  surface  elevation  of  Banks  Lake  should  be  regulated 
for  hydro-generation  in  accordance  witn  the  rule  curves 
developed  by  Stobe"^  et  al.  (1977)  to  protect  kokanee 
reproduction  (Aooendix  C,  p./?) 


1.2.14    To  enhance  and  manage  a  significant  fishery  in  nid- 
Columbia  River  reservoirs,  the  relationship  between 
reservoir  operations  and  fish  survival,  reproductive 
success,  and  production  must  be  delineated.  It  is 
recommended  that  studies  be  initiated  to:  1)  assess 
the  existing  habitat  suitability  for  spawning,  rearing, 
food,  and  cover  requirements  and  hydrological ,  1 imnological , 
and  water  quality  conditions  for  species  now  present  and 
those  being  considered  for  possible  introduction;  and 
2)  determine  the  most  feasible  methods  to  improve  habitat 
suitability  or  increase  habitat  availability  for  desirable 
species  considering  particular  species  needs,  project 
operations,  costs,  and  other  constraints  (Appendix  C. 
P./V). 

1.  Determine  if  food  production  is  adequate  to  ensure 
sufficient  survival  and  growth  of  gamefish  in  the 
mid-Columbia  River  reservoirs  and  if  necessary,  in- 
vestigate methods  to  improve.  Methods  to  increase  food 
production  may  include  stabilizing  water  levels  to 
encourage  establishment  of  a  littoral  zone,  provid- 
ing artificial  substrate  to  increase  food  produc- 
tion, or  other  ways. 

2.  Identify  areas  and  determine  water  levels  necessary 
to  provide  spawning  and  rearing  habitat  for  game 
species.  A  survey  should  be  done  to  compare  shore- 
line topography,  water  level  fluctuations,  and 
potential  littoral  development. 

3.  Delineate  important  reservoir  and  tributary  spawning 
habitats  and  implement  ("if  appropriate)  measures  to 
enhance  gamefish  reproductive  success  in  mid-Columbia 
River  reservoirs. 

4.  Determine   if  water  quality   in  the  mid-Columbia 
River  reservoirs   is   adequate  for  survival,   growth, 
and   reproduction  of  desirable  fish  species. 


OREGON 


-? 


1.2.15    We  would  like  the  °ower  -lanninq  Council  to  direct  tne 

operating  agencies  to  review  reservoir  ooei^at'ons  towara 
minimizing  water  level  fluctuations  ,' Appendix  D,  p.  2). 

Instream  Flows:  Maintain  stream  flows  within  desirable  lif^.its  to 
ensure  successful  reproduction. 
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1.3.1  Studies  to  determine  instream  flows  adequate  to  ensure 
successful  immigration,  emigration,  spawning,  and  rearing 
of  rainbow  and  cutthroat  crout  to  tributaries  of  the 
Kootenai  River  and  Lake  Koocanusa  should  be  initiated 
(Appendix  A,  p.  101). 

IDAHO 

1.3.2  Guarantee  instream  flow  minimums  for  overwintering  and 
spawning  trout  in  the  South  Fork  below  Anderson  Ranch 
0am  (Appendix  S,  p.  21 ) . 

1.4  Water  Temperature:  Utilize  storage  to  moderate  temperature  within 
desirable  ranges. 

1.5  Streambed  Degradation  and  Sedimentation:  Restore  and  protect  bed 
material  and  reduce  sedimentation  in  streams  or  reservoirs  for 
betterment  of  reproduction  and  rearing. 


MONTANA 


1,5.1     Periodic  removal  of  aggrading  material  in  Kootenai  River 
tributary  deltas  should  be  undertaken  (Appendix  A,  p.  101) 


1.5  Pollution 


/ 


Productivity:  Operate  projects  to  minimize  effects  on  primary  and 
secondary  productivity  of  streams  and  r-eservoirs. 


MONTANA 


1.7.1     To  establish  a  significant  fishery  in  the  lower  Clark 

Fork  reservoirs,  fish  survival,  reproductive  success,  and 
prodiction  must  be  increased.   It  is  recommended  that  a 
study  be  initiated  to:  1)  assess  the  existing  habitat 
suitability  for  species  now  present  and  those  designated 
for  possible  introduction.  "This  would  include  spawning, 
rearing,  food,  and  cover  habitats  and  hydrological  . 
1 imnological ,  and  water  quality  conditions;  and  2)   determine 
the  most  feasible  methods  to  improve  habitat  suitability 
or   increase  habitar.  availabi  1  ■; ty  for  desirable  species 
considering  particular  species  needs,  prcject  operations, 
costs,  and  other  constrain-j  (Appendix  A,  p.  30). 


n 


1.  Determine  if  food  production  is  adeauate  to  allow 
survival  and  growth  of  gamefish  in  tne  lower  Clark 
Fork  reservoirs  and  investigate  ways  to  improve  it 
(if  necessary).  Methods  to  increase  food  production 
may  include  stabilizing  water  levels  along  the 
shoreline  to  encourage  establishment  of  a  littoral 
zone,  providing  artificial  substrate  to  increase 
insect  production,  or  other  techniques. 

2.  Identify  areas  and  determine  water  levels  necessary 
to  provide  rearing  habitat  and  spawning  for  selected 
game  species.  A  survey  should  be  done  to  compare 
shoreline  topography,  water  level  flux,  and  potential 
lit^'oral  development. 

3.  Determine  the  potential  of  Marten  Creek  and  Vermillion 
River  as  spawning  streams  and  (if  appropriate) 
provide  access  to  spring  spawning  fish  by  maintain- 

I  ing  water  levels  in  Ncxon  Rapids  Reservoir,  construct- 

I  ing  an  access  channel,  or  other  methods. 

I  4.   Determine  the  importance  of  the  1.5  miles  of  river 

I  '             habitat  below  Thompson  Falls  Dam.  This  is  the  only 

l-  remaining  river  habitat  in  the  lower  80  miles  of  the 

I  Clark  Fork  River  in  Montana  and  may  have  potential 

I  as  a  spawning  area  for  lake  and  mountain  whitefish, 

brown  trout,  and  other  salmonids.  Potential  problems 

t  which  must  be  addressed  include  scouring  of  suitable- 

j  sized  gravel  and  maintenance  of  favorable  spawning 

i  flows. 

'i  5.   Delineate  important  spawning  tributaries  and  determine 
V  and  implement  (if  appropriate)  measures  to  increase 

^  reservoir  gamefish  reproductive  success  in  tribu- 

i  taries  to  Cabinet  Gorge.  Noxon  Rapids,  and  Thompson 

I  Falls  reservoirs. 

■?> 

^  6.        Determine   if  water  quality  in  the   lower  Clark 

i  Fork  reservoirs   is   adequate   for  survival,   growth, 

I  and   reproduction  of  desirable   fish  species. 

i 

I  1-8  Aite^'native  Measures:  Mitigate  loss  of  resident  fisn  habitats 

i  by  construction  of  hatcheries,  spawning  channels,  use  of  other 

*■  waters,  etc. 
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1.8.1  Construction  of  a  kokanee  spawning  channel  in  the  South 
Fork  Flathead  River  should  be  considered  (Appendix  A, 
p.  23). 

1.8.2  Compensation  for  loss  of  a  significant  river  fishery  in 
the  lower  Clark  Fork  drainage  should  include  enhancement 
of  the  Bitterroot  River  fisheries  by  purchasing  rights 

to  95,000  acre-feet  of  water  out  of  Pointed  Rocks  Reservoir 
from  existing  willing  sellers  for  the  purpose  of  providing 
instream  flows  during  the  summer  and  fall  (Appendix  A, 
p.  83). 

1.8.3  The  Council  should  consider  the  water  needs  of  the  fish 
and  wildlife  resources  in  the  State  of  Montana  and 
effects  on  these  resources  of  any  suggested  changes  in 
allocation  of  historical  water  storage  for  any  downstream 
uses  for  power,  flood  storage,  fish  and  wildlife,  or 
other  uses  (Apoendix  A,  p.  104). 


IDAHO 


1.3.4  Enhance  the  rainbor  trout  population  of  the  Kootonai 
River  by  planting  fingerling  trout  of  a  suitable  stock 
for  the  river  habitat  (Appendix  B,  p  3). 

1.8.5  Restore  the  sturgeon  and  ling  populotion  of  the  Kootenai 
River  by  implementing  management  programs  recommended  at 
the  completion  of  the  presently  ongoing  research  project 
(Appendix  B,  p.  3). 

1.8.5     Introduce  Chinook  salmon  and/or  Kamloops  rainbow  trout  as 
a  pelagic  predator  in  Lake  Coeur  d'Alene  to  provide  a 
trophy  fishery  and  to  control  overabundant  kokanee  (Ap- 
pendix 3,  p.  6). 

1.8.7  As  recommended  in  1950,  hatchery  facilities  should  be 
constructed  and  operated  to  reolace  the  level  of  fishery 
restoration  adequate  to  offset  losses  in  the  Pend  Oreille 
estimated  under  1.2.8  (Apoendix  S.  p.  13). 

1.3.8  The  salmonid  fisheries  at  Cascade  ^.eservnir  are  dependent 
on  annual  plants  of  hatcnc^y  reared  fish,  ""hese  plants 
could  be  increased  two  to  four  times,  greatly  enhancing 
fishing  quality  within  the  carrying  capacity  of  the 
reservoir.  Sucget  constraints  or^^js-f   the  Oeoartment  of 
Fisn  and  (iame  from  meetino  trese  goals  (Appendix  3,  o. 
24). 


t; 


1.8.9  Recommend  appropriate  mitigation  measures  for  new  hydro- 
power  projects  proposed  for  the  Payette  River  Basin 
(Appendix  B,  p.  24). 

1.8.10  Continue  stocking  Dv/orshak  Reservoir  to  provide  fishing 
(Appendix  B,  p.  29). 

1.8.11  Stock  a  race  of  river  rainbow  trout  into  the  Clearwater 
River  below  the  North  Fork  to  establish  a  trout  fishery 
to  replace  the  smallmouth  bass  fishery  which  has  been 
eliminated  by  cold  water  releases  from  Dworshak  Reservoir 
(Appendix  B,  p.  29). 

1.8.12  Maintain  or  increase  the  stocking  of  hatchery  reared 
trout  into  suitable  Snake  River  habitat  where  natural 
reproduction  is  not  sufficient  to  provide  an  acceptable 
fishery  (Appendix  B,  p.  34). 

1.8.13  Protect  and  preserve  the  remaining  areas  of  suitable 
free-flowing  Snake  River  habitat  for  white  sturgeon 
(Appendix  B,  p.  34) . 

1.8.14  Artificial  propagation  methods  for  white  sturgeon  are 
being  successfully  developed  in  California.  Artificial 
propagation  could  restore  sturgeon  populations  where 
natural  reproduction  has  been  limited  by  dams  (Appendix 
B,  p.  34). 

1.8.15  Introduce  suitable  species  of  warm  water  game  fish  into 
vacant  Snake  River  habitats  which  are   unsuited  for  salmonids 
(Appendix  B,  p.  34). 

1.8.16  Encourage  development  of  commercial  nongarne  fish  fisheries 

by  conducting  and  publishing  research  to  inventory  populations, 
development  of  fishing  Tear  or  techniques,  and  exploring 
market  potentials  (Appendix  B,  p.  34). 


WASHINGTON 


1.8.17    It  is  recommended  that  the  authorized  enlarged  Bumping 
Reservoir  project  be  constructed  to  provide  T.ajor  addi- 
tional storage  for  mitigating  the  depredation  of  fish 
stream  habitat,  increased  -'lexibil  ity  in  Yakima  River 
Basin  ■.vater  management,  and  develoo  additional  hydro- 
generation.  Reservoir  discharge  should  ret  be  regulated 
■^'or  new  and  f;<ture  hydro-generation  sr.  the  expense  of 
fishery  needs  'ADpend-ix  C.  p.?2). 


U 


1.3.18  It  is  recommended  that  slough  and  embayment  spawning  and 
rearing  areas  in  the  Hanford  Reach  of  the  mid-Columbia 
River  be  protected  by  diking  and  other  appropriate  measures 
and  that  consideration  for  protection  of  such  spawning 

and  rearing  areas  be  incorporated  into  mid-Columbia  River 
hydroelectric  planning  and  operations  (Appendix  C,  p. /I). 

1.8.19  It  is  recommended  that  artificial  warmwater  fish  habitat, 
such  as  reefs,  gravel  blankets,  brush  piles,  and  other 
appropriate  measures  be  constructed  in  the  vicinity  of 
the  Okanogan  River  in  Wells  Reservoir  (Appendix  C,  p./Z). 

1.8.20  It  is  recommended  that  sloughs  and/or  embayments  be 
constructed  in  Priest  Rapids  Reservoir  to  enhance  small- 
mouth  bass  spawning  and  rearing  habitat  (Appendix  C, 

P./3). 

OREGON 

1.3.21  He  would  like  the  Power  Planning  Council  to  direct  the 
operating  agencies  to  initiate  studies  to  find  ways  of 
controlling  nongame  fish  populations  and  implement  (Appendix 
D,  p.  2). 

1.9  Pi^otection  of  Nat"ral  Waters:  Protect  and  maintain  unaltered 
streams  in  natural  conditions  from  any  hydroelectric  develop- 
ments that  cannot  guarantee  the  project  will  not  adversely 
affect  game  fish  rearing  habitat. 

MONTANA 

1.9.1  Critical  habitat  areas  in  North  and  Middle  Fork  Flathead 
River  tributaries  should  be  protected  from  any  development 
that  could  not  guarantee  the  project  would  not  adversely 
affect  gamefish  rearing  habitat  (Appendix  A,  p.  23). 

1.9.2  Compensation  for  loss  of  a  significant  migratory  fishery 
in  the  Clark  Fork  drainage  should  include  protection  and 
maintenance  of  the  Big  Blackfoot  River,  Rock  Creek  and 
Fish  Creek,  and  possible  cthe"^  Class  I  streams  in  a 
natural  and  unaltered  condition  (Appendix  A,  d.  84). 

1.9.3  The  Council  should  support  the  development  of  a  process 
that  protects  aauatic  and  wildlife  resources  of  significant 
value  from  future  nydroelectric  development.  This  would 

be  a  form  of  "litigation  for  past  develooirent  needed  to 
establish  an  essential  balance  between  rivers  and  reservoirs. 
Highest  priority  would  go  to  streams  that  could  not  be 
adauately  -itiqated  (Apcendix  A.  p,  1C4). 
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1.9.4 

1.9.5 

1.9.6 

WASHINGTON 
1.9.7 


Retain  the  South  Fork  of  the  Payette  River  sub-basin  in 
its  present,  free-flowing  condition  (Appendix  B,  p.  24). 

Maintain  the  free-flowing  river  habitat  and  protect  the 
watershed  within  the  entire  Salmon  River  Basin  (Appendix 
B,   p.    26). 

Protect  remaining  free  flowing  streams  in  the  Clearwater 
River  Basin  for  trout  fishing  and  for  salmonid  spawning 
(Appendix  B,  p.  29). 


It  is  recommended  that  resident  game  fish  population  and 
habitat  be  protected  by  the  prohibition  of  constructing 
new  nydroelectric  projects,  or  the  restoration  of  decommis- 
sioned or  abandoned  ones  on  the  following  streams:  Mid- 
Columbia  Ri ver--Hanfcrd  Reach;  Snake  River--Asotin  Pi^oject; 
Wenatchee  River;  Methow  River;  and  Similkameen  River 
(Appendix  C,  p29) . 

OBJECTIVE  2:   MIGRATION 

Provide  conditions  a"d/or  facilities  which  ensure  resident  fish  unimpeded 
access  to  spawning  or  rearing  areas  required  for  successful  completion 
of  their  life  cycle. 

WASHHiGTON 

2.1   It  is  recommended  that  a  barrier  not  be  provided,  operated. 
and  maintained  at  the  outlet  into  the  main  canal  at  Banks 
Lake.  This  will  prevent  the  outmigration  of  kokanee,  conserve 
their  spawning  population,  and  increase  the  number  of  fish 
available  for  sport  harvest  (Appendix  C,  p./8). 

OBJECTIVE  3:   OTHER  PROJECT-RELATED  MORTALITIES 

Provide  conditions  and/or  facilities  at  projects  to  reduce  mortalities 
of  resident  fish  to  the  greatest  extent  possible. 


OBJECT] 


ISHING  OPFORTU.MITY 


Restore,  T.aintain,  and  provide  adequate  Information,  access,  facilities, 
and  diversity  of  sport  fishing  nppoi^tunity  to  meet  public  demand. 
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OBJECTIVE  5:   REPRESENTATION 

Include  formal  resident  fisheries  representation  in  all  matters  of 
Columbia  River  Power  System  planning,  management,  and  operation  to 
provide  equitable  treatment  for  resident  fisheries  coequal  to  that  of 
other  interests. 

MONTANA 

5.1  The  Council  should  include  in  the  fish  and  wildlife  program  a 
method  to  insure  that  mitigation  for  fish  and  wildlife  losses  is  a 
mandatory  part  of  the  process  of  planning,  licensing,  and  develop- 
ment of  projects  (Appendix  A,  p.  105). 

5.2  The  Council  should  address  the  cumulative  impacts  of  existing  and 
future  hydrodevelopment  in  its  fish  and  wildlife  program.  Cumulative 
impacts  should  be  addressed  at  the  first  level  of  appraisal  before 

a  project  is  proposed  and  include  a  firm  commitment  to  an  adequate 
mitigation  plan  (Appendix  A.  p.  105). 

5.3  The  Council  should  consider  the  impact  of  advanced  energy  with- 
drawal from  storage  reservoirs  on  reservoirs  and  downstream  fish 
and  wildlife  resources  to  ensure  an  effective  fish  and  wildlife 
program  can  be  implemented  (Appendix  A.  p,  104), 


5.4  Potential  site-specific  and  cumulative  impacts  of  small-scale  and 
micro-hydroelectric  projects  (installed  capacity  of  five  megawatts 
or  less)  should  be  evaluated  to  ensure  that  the  resource  assessment 
goals  and  objectives  established  by  the  Council  in  the  energy  plan 
are  compatible  with  the  intent  of  the  fish  and  wildlife  program 
(Appendix  A,  p.  105). 
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Prepared  by:  Pat  Graham 
Montana  Department  of  Fish, 
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P.O.  Box  67 
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APPENDIX  B 

RECOMMENDATIONS  AND 
SUPPORTING  DOCUMENTS 
PERTAINING  TO  RESIDENT 
FISH  IN  IDAHO 


A  report  to  the  Northwest 
Power  Planning  Council 
November  16,  1981 


Prepared  by:  Herb  Pollard 
Idaho  Deoartment  of  Fish  and  Game 
P.O.  Box'  25 
Boise,  ID  83707 


Kootenai  River  Basin 

Basin  Description 

Geography 
The  Kootenai  River  heads  in  British  Columbia,  flows  southwest  through  the 
northwestern  corner  of  Montana  and  then  northwest  through  the  northeastern  corner 
of  Idaho  back  into  British  Columbia.  Approximately  66  miles  of  the  Kootenai  River 
flows  through  Idaho,  from  RM  105.63  to  RM  171.60. 

Major  tributaries  within  Idaho  include  the  Moyie  River  and  Deep  Creek. 

The  Kootenai  River  within  Idaho  is  regulated  by  Libby  Dam  at  RM  204.5  and 
affected  by  downstream  dams  which  regulate  the  backwater  of  Kootenai  Lake. 

Hydrology 
The  Kootenai  drains  a  total  of  13,700  square  miles,  of  which  1,960  square 
miles  are  in  Idaho. 

The  average  discharge  at  the  Canadian  border  is  15,900  cfs  or  11,520,000 
acre  feet/year. 

Since  1972,  annual  and  daily  flows  have  been  regulated  by  Libby  Dam  and  Lake 
Koocanusa  storage. 

Recreation 
Recreation  is  a  major  industry  in  the  Idaho  Panhandle.  The  Kootenai  River 
and  tributaries  constitute  the  major  fishery  resource  of  Boundary  County,  Idaho. 
This  resource  attracts  users  from  a  large  area  including  the  Spokane,  Viashington 
urban  area. 
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Resident  Fish  Resources 
Rainbow  trout  are  the  most  important  trout  species  in  the  drainage.  The 
Kootenai  is  the  only  drainage  in  the  panhandle  where  rainbow  are  the  native  species. 
Westslope  cutthroat,  brook  trout,  Dolly  Varden  and  kokanee  provide  substantial 
fisheries. 

The  only  ling  (Lota  lota)  population  and  the  only  consumptive  white  sturgeon 
fishery  in  Idaho  occur  in  the  Kootenai  River. 

Yellow  perch,  black  crappie,  bullhead  catfish,  largemouth  bass  and  pumpkin- 
seed  sunfish  provide  locally  popular  fisheries  in  small  lakes,  tributaries  and 
sloughs  adjacent  to  the  river. 

An  excellent,  but  underutilized  population  of  mountain  whitefish  occurs  in 
the  river. 

Libby  Dam  Project 

Project  Description 
Libby  Dam  impounds  Lake  Koocanusa  with  nearly  5  million  acre  feet  of  active 
storage.  Storage  began  in  1973  and  powerhouse  operations  in  1975.  Operation  of 
the  project  reversed  many  habitat  characteristics  within  Idaho.  Flows  are  now 
highest  during  reservoir  drafting  in  the  fall  and  winter.  The  spring  freshet 
has  been  eliminated.  The  river  is  relatively  cooler  in  summer  and  wanner  in  winter 
than  pre-dam  conditions. 

To  date,  fish  and  wildlife  mitigation  for  the  impacts  of  Libby  Dam  have  been 
limited  to  the  drainage  within  Montana. 

History  of  Fish 
The  Kootenai  River  historically  provided  popular  fisheries  for  ling,  sturgeon 
and  rainbow  trout. 
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The  operation  of  Libby  Dam  has  greatly  altered  the  flow  patterns  and  temperature 
patterns  of  the  river.  Although  historical  data  is  lacking,  the  ling  and  sturgeon 
populations  are  much  decreased.  Reproduction  of  these  species  may  be  eliminated 
by  the  altered  flow  and  temperature  regimens.  The  rainbow  trout  population  is 
far  below  the  capacity  of  the  habitat  and  the  mountain  whitefish  population  has 
expanded. 

Impacts  on  Fish 
Operations  of  Libby  Dam  appear  to  have  reduced  the  habitat  suitability  for 
reproduction  and  growth  of  sturgeon  and  ling  and  favored  the  expansion  of  mountain 
whitefish.  Whitefish  flourish  in  the  cooler  temperatures  provided  by  low  level 
withdrawal  from  Lake  Koocanusa.  Whitefish  are  less  restricted  in  spawning  habitat 
and  more  adapted  to  the  fluctuations  in  flow  than  are  rainbow  trout. 

Management  Goals  and  Objectives 
The  management  goals  on  the  Kootenai  River  include  maintaining  or  restoring 
the  ling  and  sturgeon  fisheries  and  enhancing  the  rainbow  trout  fishery.  A 
currently  ongoing  research  project  funded  by  the  U.S.  Army  Corps  of  Engineers  is 
expected  to  develop  management  recommendations  to  achieve  these  goals. 

Recommendations  to  Protect,  Mitigate  and  Enhance  Fishery  Resources 
Enhance  the  rainbow  trout  population  of  the  Kootenai  River  by  planting 
fingerling  trout  of  a  suitable  stock  for  the  river  habitat.  (1.8.4) 

Restore  the  sturgeon  and  ling  population  by  implementing  management  programs 
recommended  at  the  completion  of  the  presently  ongoing  research  project.  (1.8.5) 
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Spokane  River  Basin 

Basin  Description 

Geography 
The  Spokane  River  heads  at  the  outlet  of  Coeur  d'Alene  Lake  near  the  city 
of  Coeur  d'Alene,  Idaho  and  flows  through  Idaho  for  approximately  12  miles  to  the 
Washington  border. 

Major  tributaries  are  the  Coeur  d'Alene  and  St.  Joe  Rivers  which  enter  Coeur 
d'Alene  Lake. 

The  flow  in  the  Spokane  River  and  the  level  of  Coeur  d'Alene  Lake  is  regulated 
by  Post  Falls  Dam,  a  Washington  Water  Power  hydroelectric  project  which  is  located 
on  the  Spokane  River  about  8  miles  downstream  from  the  lake  outlet  and  4  miles 
upstream  from  the  Washington  border. 

Hydrology 
The  Spokane  basin  includes  3,840  square  miles  within  Idaho.  Annual  discharge 
below  Post  Falls  Dam  averages  6,264  cfs  (4,601,000  acre  feet/year). 

Post  Falls  Dam  controls  storage  of  889,000  acre  feet  in  Coeur  d'Alene  Lake 
between  surface  elevations  of  2,120  and  2,140  feet. 

Recreation 
The  Spokane  River,  Coeur  d'Alene  Lake  and  tributaries  constitute  a  major 
recreational  resource.  Fishing  and  boating  is  extremely  popular  on  these  waters. 
Coeur  d'Alene,  Idaho  and  Spokane,  Washington  residents  as  well  as  tourists  from 
around  the  world  take  advantage  of  the  recreational  opportunities. 


Resident  Fish  Resources 
Westslope  cutthroat  trout  provide  the  major  trout  fishery  in  the  rivers  and 
lakes  of  the  Spokane  Basin.  Rainbow  trout  also  provide  important  fisheries, 
particularly  in  the  Spokane  River  below  Post  Falls  Dam.  Coeur  d'Alene  Lake  sup- 
ports a  major  kokanee  fishery  with  an  annual  harvest  in  the  range  of  one-half  million 
fish. 

The  Coeur  d'Alene  and  St.  Joe  lateral  lakes  and  bays  of  Coeur  d'Alene  Lake 
provide  high  quality  and  popular  fisheries  for  largemouth  bass,  black  crappie. 
Northern  pike,  yellow  perch,  bullhead  catfish  and  sunfish. 

Mountain  whitefish  and  Dolly  Varden  trout  also  occur  in  the  river  system  and 
lakes. 

Post  Falls  Dam  Project 

Project  Description 
Post  Falls  Dam  is  an  old  Washington  Water  Power  project  built  at  the  crest 
of  a  natural  falls  of  the  Spokane  River.  The  dam  regulates  the  upper  20  feet 
of  Coeur  d'Alene  Lake  as  well  as  the  "lateral  lakes"  in  the  lower  valleys  of  the 
Coeur  d'Alene  and  St.  Joe  Rivers. 

History  of  Fish 
Originally,  Westslope  cutthroat  were  the  major  trout  fishery  of  Coeur  d'Alene 
Lake.  Kokanee  salmon  were  introduced  approximately  30  years  ago  and  now  constitute 
the  major  fishery.  Fishing  pressure  and  tributary  stream  degradation  has  caused 
the  cutthroat  population  to  decline.  Mixed  populations  of  warmwater  fish  flourish 
in  the  bays  of  Coeur  d'Alene  Lake  and  in  adjacent  sloughs  and  lateral  lakes. 
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The  state  records  for  largemouth  bass  (10  lbs.  15  oz.)  and  Northern  pike  (27  lbs. 
4  oz.)  were  taken  in  this  area.  Populations  of  Westslope  cutthroat  trout  have 
been  restored  in  the  upper  tributaries  through  spawning  stream  closures  and 
restrictive  fishing  regulations. 

Impacts  on  Fish 
The  fish  populations  of  the  Spokane  Basin  have  adapted  to  the  operation  of 
Post  Falls  Dam.  The  dam  is  operated  to  maintain  a  downstream  fish  conservation 
flow  at  all  times  and  to  minimize  impacts  of  lake  drawdown  on  kokanee. 

Management  Goals  and  Objectives 
Coeur  d'Alene  Lake  will  be  managed  as  a  kokanee  fishery.  Adfluvial  cutthroat 
will  be  protected  and  enhanced  where  possible.  An  additional  pelagic  predator 
introduction  is  planned  to  provide  trophy  fishing  and  to  control  the  kokanee 
population  which  is  becoming  overabundant. 

Recommendations  to  Protect,  Mitigate  and  Enhance  Fishery  Resources 
Introduce  chinook  salmon  and/or  Kamloops  rainbow  trout  as  a  pelagic  predator 
in  Lake  Coeur  d'Alene  to  provide  a  trophy  fishery  and  to  control  overabundant 
kokanee.   (1.8.6) 

Maintain  operation  of  Post  Falls  Dam  to  minimize  impacts  on  fishery  resources. 
(1,2.7) 
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Pend  Oreille  Basin 

Basin  Description 

Geography 

The  Pend  Oreille  River  heads  at  the  outlet  of  Lake  Pend  Oreille.  The  major 
drainage  of  the  basin  is  the  Clark  Fork  system  which  is  the  primary  tributary  to 
Lake  Pend  Oreille. 

Pend  Oreille  is  the  largest  lake  in  Idaho  at  about  94,720  acres  maximum 
surface  area.  It  is  located  east  and  south  of  the  town  of  Sandpoint  in  the  northern 
part  of  the  state  within  50  miles  of  the  Canadian  border.  The  lake  is  approximately 
30  miles  long  and  two  to  seven  miles  wide.  Pend  Oreille  is  one  of  the  deepest  lakes 
in  the  United  States  with  a  maximum  recorded  depth  of  1,152  feet  and  a  mean  depth 
of  approximately  540  feet. 

The  only  large  tributary  within  Idaho  is  the  Priest  River.  Within  Montana, 
the  Clark  Fork  basin  includes  the  Flathead,  Bitterroot  and  Blackfoot  systems. 

Hydrology 

The  Pendlreille  basin  drains  24,200  square  miles  of  which  2,127  square  miles 
lies  within  Idaho. 

The  average  discharge  at  the   Idaho-Washington  border  is  25,930  cfs   (18,790,000 
acre  feet/year),  approximately  10%  of  the  Columbia  River  flow  at  the  Dalles, 

The  flow  is  regulated  by  Albani   Falls  Dam  on  the  outlet  of  Lake  Pend  Oreille 
as  well    as  instream  storage  at  Flathead  Lake,  Hungry  Horse  Reservoir  and  several 
smaller  storage  projects   including  Priest  Lake  outlet  dam  within   Idaho. 

Recreation 

Recreation  is  a  major  industry  in  the  Idaho  Panhandle  and  the  Pend  Oreille  Basin 
is  the  major  recreational   resource.     Boating  and  fishing  support  dozens  of  resorts, 
marinas  and  sporting  goods  stores.     At  the  present  time,  with  lumber  products  and 


mining  industries  in  a  depressed  state,  recreation  is  the  most  stable  and  viable 
of  the  local  industries. 

Kamloops,  as  the  unique  Gerrard  rainbow  are  called  locally,  and  kokanee,  along  with 
local  interest  in  cutthroat  trout  and  Dolly  Varden  have  attracted  a  major  tourist 
industry  associated  with  Pend  Oreille  Lake  over  the  years.  The  unique  fishery 
for  trophy  species  and  the  high-yield  kokanee  fishery  in  particular  was  promoted 
by  Sandpoint  businessmen  and  produced  recreation  dollars  to  the  north  Idaho  economy 
on  a  large  scale.  Even  with  declines  in  kokanee  harvest  from  around  one-million 
fish  caught  from  the  early  '50's  to  the  late  '60's  to  present  levels  of  under  200,000 
fish,  the  economic  values  generated  by  the  fishery  are  considerable. 

In  1979,  a  few  of  the  many  area  merchants  who  derive  income  from  the  fishery 
reported  $245,450  in  boat  slip  revenue,  $1,217,000  for  boat  sales,  $150,000  for 
tackle  and  $180,000  for  automobile  sales  were  directly  attributable  to  the  fishery 
from  their  business  alone.  Additional  economic  impacts  include  major  unquantified 
retail  sales  for  food,  lodging  and  entertainment  by  recreationists  drawn  to  the 
lake  fishery.  The  cash  value  of  the  harvest  from  Pend  Oreille  Lake  alone  is 
$151,107  at  a  modest  price  of  $2.00  per  pound.  Estimating  a  day  of  fishing  on 
Pend  Oreille  to  be  worth  a  conservative  $55.00  places  the  value  of  the  trout  and 
kokanee  fishery  at  more  than  $3  million  at  present  harvest  levels.  The  potential 
exists  to  more  than  double  this  figure  with  a  fishery  restoration  program. 

Resident  Fish  Resources 

Westslope  cutthroat  trout,  bull  trout  (Dolly  Varden)  and  mountain  whitefish 
are  the  game  fish  native  to  the  system.  Kokanee  salmon  entered  the  lake  in  the 
early  1930' s  from  Flathead  Lake  and  rapidly  replaced  the  native  whitefish  as  the 
predominant  pelagic  species.  In  less  than  a  decade  the  increasing  kokanee  population 
caused  local  concern  with  the  decreasing  size  of  fish.  In  1941  and  1942,  area 
sports.-nen  introduced  the  Gerrard  strain  of  rainbow  trout  unique  to  Kootenay  Lake, 
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B.C.  to  control  kokanee  numbers.  By  1947  a  big  rainbow  from  Pend  Oreille  established 
the  37-pound  world  record  for  inland  waters.  A  32-pound  Dolly  Varden  was  caught 
in  1949,  also  a  world  record. 
Cabinet  Gorge  Project 

Project  Description 
Cabinet  Gorge  Dam  is  a  205-foot  high  structure  located  on  the  Clark  Fork  River 
11  miles  upstream  from  Lake  Pend  Oreille.  The  extensive  Clark  Fork  system  lies 
almost  entirely  in  Montana,  entering  Idaho  just  above  the  dam  site.  Inflow  from  the 
Clark  Fork  averages  22,380  cfs  on  an  annual  basis,  most  of  the  runoff  for  Pend 
Oreille  Lake.  The  contribution  to  the  Columbia  system  at  this  point  is  also 
considerable,  10%  of  the  annual  runoff  at  the  Dalles,  Oregon.  Over  150  tributaries 
form  the  large  river  which  enters  Pend  Oreille  as  the  Idaho  portion  of  the  Clark 
Fork.  These  include  major  river  systems  such  as  the  Flathead,  Bitterroot  and 

Blackfoot  which  enter  the  Clark  Fork  100-200  miles  upstream  in  Montana.  The  drainage 

.2 
area  exceeds  22,000  mi  and  produces  flows  ranging  from  762-153,000  cfs. 

History  of  Fish 

At  one  time  this  entire  drainage  produced  fish  which  entered  Pend  Oreille 
Lake.  Most  of  the  Clark  Fork  system  is  rated  by  Montana  as  Class  I  or  II  streams 
(high  value  fishery  resources).  Historically,  these  drainages  produced  highly 
valued  cutthroat  trout,  Dolly  Varden  and  mountain  whitefish.  Several  million 
kokanee  were  also  known  to  enter  the  Clark  Fork  for  spawning-  prior  to  dam 
construction.  Presumably  Garrard  rainbow  would  have  also  utilized  the  Clark  Fork 
system  had  upstream  passage  been  maintained.  Presently  it  appears  that  the 
contribution  of  game  fish  from  the  system  is  limited  to  small  numbers  by  the  presence 
of  several  dams.  A  small  population  of  brown  trout  has  resulted  in  the  Pend  Oreille 
system  as  a  result  of  emigration  from  Montana. 

Historically  the  lake  also  supported  a  good  fishery  for  cutthroat  trout.  These 


■9- 


fish  rear  1-3  years  In  tributary  streams  before  the  juvenile  fish  enter  the  lake 
system.  With  loss  of  virtually  all  of  the  Clark  Fork  system,  impacts  on  the  numbers 
of  fish  available  to  support  the  lake  fishery  have  been  particularly  severe.  Long 
term  declines  in  the  harvest  of  native  cutthroat  from  Pend  Oreille  Lake  are  also 
related  to  the  effects  of  fishing  pressure  on  this  vulnerable  species.  Hydroelectric 
development  on  the  Clark  Fork  has,  however,  reduced  the  capacity  of  the  lake 
population  to  support  a  fishery  over  the  last  three  decades. 

Milltown  Dam,  built  in  1906,  was  the  first  impoundment  on  the  main  stem  of  the 
Clark  Fork  River.  Upstream  migrations  of  fish  were  totally  blocked  by  this  structure. 
Dolly  Varden  and  cutthroat  trout,  many  likely  from  Pend  Oreille  Lake,  225  miles 
downstream,  were  impacted.  No  attempt  has  been  made  to  mitigate  for  the  blockage 
of  migratory  runs  of  fish  in  the  Clark  Fork  River.  Dams  contructed  downstream  from 
Milltown  are  now  blocking  runs  of  migratory  fish  which  originate  in  Lake  Pend  Oreille. 

Once  Cabinet  Gorge  Dam  was  closed,  runs  of  migratory  fish  v;ere  restricted  to 
the  lower  11  miles  of  the  Clark  Fork.  Presently,  most  of  this  area  is  unsuitable 
for  spawning  as  flow  fluctuations  do  not  provide  continuous  coverage  of  spawning 
gravels  of  proper  sizes.  As  is  also  normal  below  dam  sites,  gravel  recruitment 
from  upriver  areas  has  been  eliminated. 
Albeni  Falls  Project 

Project  Description 

Albeni  Falls  Dam  is  located  on  the  Pend  Oreille  River  about  20  miles  donwstream 
of  Sandpoint.  The  project  was  authorized  by  Congress  in  1950  to  regulate  Pend 
Oreille  Lake  for  flood  control,  navigation  fish  and  wildlife  conservation,  power 
generation  and  recreation.  Construction  was  started  in  1951,  storage  was  available 
in  the  fall  of  1952,  and  on-site  power  generation  began  in  1955.  The  dam  is 
operated  by  the  U.  S.  Army  Corps  of  Engineers,  Seattle  District. 

Noi-mally  the  lake  is  fluctuated  a  f^axirnum  of  13  feet  tetween  elevations 
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2,049  and  2,062.  The  more  than  one-million  acre  feet  of  storage  in  Pend  Oreille 
Lake  can  produce  some  1.4  billion  kilowatt  hours  of  energy  at  downstream  power  plants. 
In  order  to  realize  downstream  benefits  the  lake  must  be  drawn  after  September  1, 
in  fact,  the  best  operation  for  power  benefits  would  involve  a  February  drawdown. 

Considerable  effort  has  been  expended  to  utilize  the  storage  from  the  many 
reservoirs  in  the  Columbia  River  system  so  that  drawdown  is  not  scheduled  after 
December  1  whenever  possible.  The  purpose  of  the  early  drawdown  is  to  minimize 
impacts  of  dewatering  gravels  used  by  kokanee  for  lakeshore  spawning.  Prior  to 
impoundment  by  Albeni  Falls  Dam,  lake  levels  remained  relatively  constant  or 
increased  from  the  onset  of  kokanee  spawning  in  October  through  the  late  spring 
period  when  the  fry  emerge  from  the  gravels.  Since  impoundment,  drawdown  has 
occurred  because  of  power  requirements  after  kokanee  eggs  were  in  the  gravel  resulting 
in  the  loss  of  eggs  and  sac-fry. 

As  noted  in  Flathead  Lake  the  historical  use  of  shallow  shoreline  areas  for 
kokanee  reproduction  has  gradually  been  eliminated  possibly  as  a  result  of  water 
level  fluctuation  since  impoundment.  On  Pend  Oreille  where  alternate  large  tributary 
systems  suitable  for  kokanee  spawning  do  not  exist,  the  lake  population  began  to 
decline  steadily  in  the  late  '60's.  Whether  the  early  fluctuations  in  the  fishery 
were  related  to  drawdown  is  not  clear. 

8y  1974  another  factor  resulted  in  a  rapid  deterioration  of  the  kokanee  fishery. 
Mysis  relicta,  the  opossum  shrimp,  introduced  from  Kootenay  Lake  to  produce  larger 
kokanee  became  established  in  Pend  Oreille  and  caused  a  rapid  and  continuing  decline 
in  kokanee  numbers.  This  impact  has  masked  many  of  the  problems  associated  with 
both  hydro  projects. 

Impacts  on  Fish 

Cabinet  Gorge  Dam  blocked  spawning  runs  of  the  three  major  trout  species  as 
well  as  kokanee,  severely  restricting  the  abi.lity  of  game  fish  to  reproduce  and 
maintain  the  excellent  quality  sport  fisheries  of  Lake  Pend  Oreille. 
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Albeni  Falls  Dam  has  created  unnatural  fluctuations  in  the  levels  of  Lake 
Pend  Oreille,  impacting  the  shoreline  spawning  portion  of  the  kokanee  population. 

At  the  present  time,  the  fisheries  of  Lake  Pend  Oreille  are  far  below 
historical  levels. 

The  outlet  dam  at  Priest  Lake  is  operated  to  maintain  lake  levels  for  summer 
recreation.  Fall  and  winter  drawdown  occurs  to  supply  water  for  hydroelectric 
generation  at  Albeni  Falls  and  downstream  projects.  The  drawdown  severely  impacts 
shoreline  spawning  kokanee. 

Mitigation  of  Project  Impacts 

On  December  4,  1950  the  Department  of  Interior  stressed  the  value  of  the  fishery 
and  recommended  against  the  construction  of  Cabinet  Gorge  Dam: 

"Lake  Pend  Oreille,  which  is  approximately  9  miles  below  the  project  site, 
supports  one  of  the  most  extensive  fisheries  in  western  United  States.  Record  catches 
of  several  species  have  spread  its  fame  throughout  the  Nation.  Millions  of  dollars 
have  been  invested  in  recreational  facilities  around  the  lake.  Angling  pressure  for 
Kamloops,  Dolly  Varden,  and  cutthroat  trouts  and  land-locked  blueback  salmon 
(kokanee),  is  extremely  heavy.  The  commercial  fishery,  alone,  is  reported  to  take 
between  50  to  100  thousand  pounds  of  kokanee  annually. 

"Maintenance  of  this  important  lake  fishery  is  dependent  mainly  upon  the 
spawning  runs  of  trouts  and  kokanee  in  the  Clark  Fork  River.  The  proposed  project, 
which  would  form  an  impassable  barrier  approximately  nine  miles  above  Lake  Pend 
Oreille,  would  eliminate  the  greater  portion  of  spawning  areas  presently  available 
to  migratory  fish  above  the  damsite,  and  due  to  proposed  peaking  power  operations 
with  fluctuations  in  flow  from  zero  to  more  than  230,000  second-feet,  may  completely 
eliminate  the  productivity  of  the  excellent  spawning  gravels  below  the  dam. 

"In  addition  to  these  harmful  effects,  the  project  would  replace  approximately 
twenty  miles  of  good  stream  habitat  with  an  impoundment  of  doubtful  value.  The 
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fluctuating  reservoir  probably  will  not  supply  fishing  of  high  quality  nor  receive 
heavy  use. 

"In  view  of  the  foregoing,  and  the  fact  that  the  proposed  operation  and  height 
of  dam  preclude  the  feasibility  of  an  efficient  fish  ladder,  the  Fish  and  Wildlife 
Service  recommends  that  a  license  for  this  project  not  be  granted.  Should  a 
license  be  issued,  however,  it  is  requested  that  the  following  provisions  be  made  a 
part  thereof:" 

1.  "A  minimum  flow  of  3,000  second-feet  shall  be  provided  at  all  times  below 
the  powerhouse. 

2.  "Changes  in  rates  of  release  shall  not  be  pennitted  to  increase  to  double 
or  decrease  to  half  that  of  any  prevailing  flow  within  one  hour. 

3.  "Free  public  access  shall  be  permitted  to  all  portions  of  the  project 
area  except  for  those  areas  reserved  for  safety  and  efficient  operation. 

4.  "The  licensee  shall  construct  a  fish  hatchery,  together  with  trapping 
facilities,  of  sufficient  size  to  mitigate  any  losses  occurring  under  project 
conditions  not  compensated  by  modification  of  operation  in  accordance  with 
recommendations  1  and  2.  The  cost  of  land  acquisition,  water  rights  and  facilities, 
construction,  annual  maintenance,  and  operation,  shall  be  borne  by  the  licensee. 
The  selection  of  a  site,  and  the  design  and  size  of  the  hatchery  shall  be  determined 
by  a  cooperative  agreement  between  the  Idaho  Department  of  Fish  and  Game,  the  Fish 
and  Wildlife  Service,  and  the  Washington  Water  Power  Company,  this  agreement  to 

be  consummated  prior  to  initiation  of  construction." 

The  above  letter,  as  well  as  information  on  following  pages,  was  exerpted  from 
the  supplementary  Follow-up  Report  for  Cabinet  Gorge  Project  conducted  by  the 
United  States  Department  of  the  Interior,  Fish  and  Wildlife  Service,  Portland, 
Oregon,  May,  1966.  This  information  describes  mitigation  efforts  entered  in  by 
members  of  the  Lake  Pend  Oreille  Evaluation  Committee  fonr^ed  to  reccmmend-rreasures 
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for  the  Cabinet  Gorge  and  Albeni  Falls  projects.  As  can  be  seen  by  the  Fish  and 
Wildlife  Service  analysis  the  effectiveness  of  these  measures  was  not  good  even  for 
the  mitigation  era  of  the  1950's  and  1960's: 
Effects  on  Fish 

General 

The  project  has  reduced  the  numbers  of  Dolly  Varden  and  cutthroat  trout  in 
Pend  Oreille  Lake  and  Clark  Fork  River  downstream  from  Cabinet  Gorge  Dam.  Kokanee 
and  Kami  oops  have  remained  relatively  stable  in  Pend  Oreille  Lake. 

As  noted  previously,  kokanee  populations  have  declined  dramatically  though  the 
role  of  Albeni  Falls  and  Cabinet  Gorge  Dams  in  this  decline  is  unclear.  The  following 
information  gives  the  indication  that  additional  mitigation  measures  were  not  - 
recognized  as  necessary  due  to  conditions  at  the  time. 

A  creel  census  study  was  initiated  in  1951  in  an  attempt  to  assess  the  effect 
the  project  would  have  on  the  quality  of  fishing  in  Pend  Oreille  Lake.  This  eight- 
year  study,  financed  by  the  Washington  Water  Power  Company  and  conducted  jointly 
by  the  Idaho  Fish  and  Game  Department  and  the  company,  showed  that  Pend  Oreille 
Lake  supports  one  of  the  most  valuable  sport  fisheries  in  the  United  States. 
During  the  study  period,  the  annual  catch  from  Pend  Oreille  Lake  ranged  from 
approximately  525,000  to  more  than  one-million  fish. 

In  December  1955,  a  technical  committee  comprised  of  representatives  of 
several  agencies  was  established  to  review  annual  results  of  the  study.  In  February 
1957,  the  committee  recommended  that  while  the  creel  census  showed  no  significant  change 
in  the  quality  of  kokanee  fishing  in  Pend  Oreille  Lake,  steps  should  be  taken  to 
offset  possible  cumulative  losses  that  might  not  be  reflected  in  the  creel  census 
data.  This  was  deemed  necessary  because  some  known  losses  to  the  kokanee  resource 
did  occur  even  though  the  general  quality  of  fishing  for  this  species  remained  high. 
For  example,  some  kokanee  eggs  on  the  four-mile  reach  of  the  Clark  Fork  River  between 
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Pend  Oreille  Lake  and  Whitehorse  Rapids  are  at  certain  times  subject  to  desiccation 
and  freezing  because  of  fluctuating  water  levels.  As  a  result  of  measurable  Dolly 
Varden  and  cutthroat  trout  declines  and  to  insure  against  possible  future  kokanee 
declines,  the  following  mitigative  measures  and  facilities  were  recommended:  (1) 
stream  improvements  at  Granite  Creek,  Sullivan  Springs,  and  Spring  Creek;  (2)  an 
artificial  spawning  channel  on  Spring  Creek  at  Clark  Fork  hatchery;  and  (3)  an 
incubation  and  hatching  battery  of  sufficient  capacity  to  handle  one-million  kokanee 
eggs. 

These  measures  and  facilities  were  completed.  The  company  paid  its  share  of 
the  construction  costs  and  all  of  the  costs  of  operation  and  maintenance  of  the 
facilities  for  five  years.  The  spawning  channel  and  about  4,400  feet  of  improved 
streambed  on  Spring  Creek  have  received  considerable  use  by  Kamloops  trout  in  the 
spring,  and  by  kokanee  and  a  few  Dolly  Varden  in  the  fall.  The  improved  spawning 
habitat  on  Granite  Creek  and  Sullivan  Springs,  totalling  2.75  miles,  has  been  used 
principally  by  kokanee  and  Dolly  Varden.  In  addition,  about  2,000  feet  of  Gold 
Creek  have  been  improved  and  are  used  mainly  by  Dolly  Varden. 

Kokanee  continue  to  be  the  most  plentiful  fish  taken  in  Pend  Oreille  Lake,  and 
the  annual  harvest  has  not  changed  significantly  since  Cabinet  Gorge  Dam  was  constructed. 
In  addition  to  the  sport  fishery,  there  is  also  a  coiTinercial  fishery  for  this  fish. 
Approximately  one-million  kokanee  were  taken  in  the  combined  commercial  and  sport 
fisheries  during  1963.  While  numerically  the  kokanee  were  shown  to  comprise  over  90% 
of  the  harvest,  the  trout  species  are  ^ery   important  in  that  over  20%  of  the  total 
fishery  effort  on  Pend  Oreille  Lake  is  devoted  to  the  taking  of  the  Kamloops,  Dolly 
Varden  and  cutthroat  trout.  The  harvest  of  Kamloops  trout  increased  annually  during 
the  study  period  but  has  stabilized  somewhat  in  recent  years,  while  the  take  of 
cutthroat  trout  and  Dolly  Varden  has  decreased. 

The  Dolly  Varden  fishery  has  declined  the  most.  The  annual  take  for-the  1959-63 
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period  was  only  about  one-half  that  for  the  1954-58  period.  Blockage  of  the  Clark 
Fork  River  and  its  tributaries  by  Cabinet  Gorge  Dam  is  believed  to  be  the  major  cause 
of  this  decline.  Since  1960,  as  a  mitigation  measure,  two  spawning  areas  were 
developed  in  the  Clark  Fork  River  below  the  dam.  Both  developments  were  financed 
by  the  company.  Dolly  Varden  and  kokanee  are  now  using  these  spawning  areas. 

In  1962,  the  company  and  the  Idaho  Fish  and  Game  Department  agreed  upon  a 
final  plan  for  mitigation  of  project-caused  fish  losses  in  Pend  Oreille  Lake.  The 
plan  provided  for  the  company  to  obtain  up  to  200,000  Dolly  Varden  eggs  annually 
for  four  years.  The  eggs  would  be  seeded  in  the  developed  spawning  areas  below  the 
dam  to  supplement  natural  spawn.  The  plan  also  called  for  the  company  to  evaluate 
the  efficiency  of  the  spawning  areas.  The  company,  in  cooperation  with  the 
University  of  Idaho,  is  sponsoring  a  graduate  study  to  determine  the  effectiveness 
of  these  areas. 

Difficulties  have  been  experienced  by  both  the  company  and  the  State  in  obtaining 
Dolly  Varden  eggs  in  the  quantities  needed.  Consideration  is  currently  being  given 
to  the  possibility  of  developing  additional  spawning  areas  in  lieu  of  providing 
these  eggs. 

In  1964,  the  Idaho  Fish  and  Game  Department  closed  all  tributaries  of  Pend 
Oreille  Lake  to  Dolly  Varden  fishing  in  a  further  effort  to  conserve  the  Dolly 
Varden  fishery  in  the  lake.  These  tributaries  have  remained  closed  since. that  date. 
Effectiveness  of  Recommendations  Listed 

1.  The  reccmmendation  was  not  followed.  Studies  conducted  by  the  Idaho  Fish 
and  Game  Department  and  the  Washington  Water  Power  Company  show  that  due  to  the 
operation  of  Cabinet  Gorge  Dam  and  Albeni  Falls  Cam  (a  Corps  of  Engineers  project 
which  controls  levels  of  Pend  Oreille  Lake),  most  of  the  river  bottom  is  under 
water  at  all  times. 

A  three-mile-long  tailrace  pool  occurs  i.-:nediately  downstrea-n  from  Cabinet 
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Gorge  Dam.  This  pool  varies  in  depth  from  about  70  feet  near  the  dam  to  approximately 
18  feet  just  upstream  from  White  Horse  Rapids.  Another  pool,  having  a  maximum  depth 
of  approximately  78  feet,  lies  downstream  from  White  Horse  Rapids  and  is  about  ]H 
miles  long,  terminating  at  Foster  Rapids.  These  pool  areas,  coupled  with  springs 
and  bank  storage,  have  provided  enough  water  to  maintain  a  large  portion  of  the 
stream  habitat,  even  during  complete  shutdown  at  the  dam.  Under  normal  operating 
conditions,  shutdown  lasts  approximately  4  to  6  hours.  The  maximum  shutdown  period 
has  been  about  12  hours. 

2.  The  recommendation  was  not  followed.  At  times  project  operations 
necessitate  rapid  changes  in  the  rate  of  release. 

3.  The  recommendation  was  followed.  Free  public  access  to  the  reservoir 

is  provided.  The  company  is  currently  working  with  the  U.  S.  Forest  Service  and  the 
Montana  Department  of  Fish  and  Game  in  the  design  of  an  overall  recreation  plan. 
Two  campgrounds  have  already  been  completed.  One  is  located  at  the  mouth  of  Bull 
River;  the  other  at  Big  Eddy  near  the  town  of  Heron,  Montana.  Both  have  boat 
launching  facilities. 

4.  The  recommendation  was  not  followed.  A  fish  hatchery  was  not  constructed, 
but  an  incubation  and  hatching  battery,  two  artificial  spawning  areas,  and  an 
artificial  spawning  channel  were  constructed,  and  stream  improvement  measures  were 
undertaken,  in  order  to  mitigate  project-caused  losses  to  the  fishery  resource  of 
Pend  Oreille  Lake. 

In  spite  of  the  long  history  of  studies,  negotiations,  agreements,  mitigation 
efforts  and  other  impacts  to  the  Pend  Oreille  system,  hydroelectric  impacts  on  the 
fishery  have  not  been  adequately  addressed.  Continuing  problems  are  summarized 
below: 

1.  The  role  of  the  two  projects,  Cabinet  Gorge  and  Albeni  Falls,  in  the 
decline  of  kokanee,  cutthroat  and  Dolly  Varden  was  never  quantified. 
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2.  Spawning  channels  constructed  to  offset  fishery  losses  were  never  adequate 
to  replace  the  hundreds  of  miles  of  high  quality  spawning  and  rearing  habitat  lost 
in  the  Clark  Fork  drainage. 

3.  The  power  companies  were  subsequently  absolved  of  further  responsibility 
by  an  agreement  with  the  Idaho  Department  of  Fish  and  Game. 

Reconmendations: 

A)  A  study  should  be  conducted  to  review  all  existing  information  to 
determine  the  relative  role  of  the  two  hydroelectric  facilities  on  the  Pend 
Oreille  system  in  declines  of  major  sport  species.  (1.2.8) 

B)  As  recomnended  in  1950,  hatchery  facilities  should  be  constructed  and 
operated  to  replace  the  level  of  fishery  restoration  adequate  to  offset  losses 
estimated  under  (A-1.2.8)  above  (1.8.7). 
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Boise  River  Basin 

X      Basin  Description 

I  Geography 

The  Boise  River  drainage  flows  in  a  westerly  direction  from  the  western  and 
southern  portions  of  the  Sawtooth  Mountain  range,  onto  the  Snake  River  plain  and 
enters  the  Snake  River  at  RM  391.3  near  Parma,    Idaho. 

Major  tributaries  are  Mores  Creek  and   the  North,  Middle  and  South  Forks. 

There  are  four  large  irrigation  storage  reservoirs   in  the  basin,  one  of 
which,  Anderson  Ranch  Reservoir,   is  used  for  hydroelectric  generation. 

Hydrology 

The  Boise  drains  3,470  square  miles  and  has  an  average  discharge  to  the 
Snaker  River  of  1,650  cfs   (1  ,195,000  acre  ft/year).      Irrigation  diversions  from 
the  river  system  irrigate  some  300,000  acres  of  farm  land. 

Four  large  storage  reservoirs  are  located  within   the  Basin:     Lake  Lowell 
(10,000  surface  acres,   200,000  acre  feet  storage),'  Lucky  Peak  Reservoir   (2,800 
surface  acres,   307,040  acre  feet  storage),  Arrowrock  Reservoir   (4,000  surface 
acres,   290,000  acre  feet  storage)  and  Anderson  Ranch  Reservoir   (4,500  surface 
acres,  425,000  acre  feet  storage).      In  addition  there  are  numerous  smaller  irriga- 
tion  impoundments. 

Resident  Fish  Resources 

Rainbow  trout  are  the  dominant  native  salmonid  species  of  the  Boise  Basin 
and  presently  provide  the  most  important  salmonid  fishery.     Brook,   brown,  cutthroat 
and  Dolly  Varden  provide   important  fisheries   in   portions  of  the  basin.      Kokanee 
support  fisheries   in   the  large  rese'-voirs.      Smallricuth   bass,   largemouth  bass, 
bluegill   and  pumpkinseed  sunfish,   black  crapDie,  yellow  perch,   bullhead  and  channel 
cazfish  are  present  and  dominate  the  lower  elevation  waters.     Large  populations 
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of  nongame  fish  occur  in   the  reservoirs  and  low  elevation  streams. 

Anderson  Ranch  Dam 

Project  Description 
Anderson  Ranch  Dam  is  located  at  RM  43.5  on  the  South  Fork  Boise  River.     The 
reservoir  is  operated  for  irrigation  storage,  flood  control   and  hydroelectric 
generation.     As  the  highest  reservoir  on  the  drainage,  and  the  only  dam  v/ith 
generating  capacity,  Anderson  Ranch  is  operated  to  fill   first  and  drain  last. 

History  of  Fish  ^ 

Kokanee  salmon  provide  the  major  reservoir  fishery.     Rainbow  trout  provide 
the  major  river  fishery  above  and  below  the  reservoir.     Since  1972  smallmouth 
bass  have  become  established   in   the  reservoir  and  support  a  popular  fishery  along 
the  shorel ine. 

Impacts  on  Fish 

Anderson  Ranch  Dam  created  a  large  reservoir  habitat  suited  for  kokanee. 
After  initial    introductions  of  the  species  by   IFiG  between  1965  and  1972,   a 
naturally  reproducing  population  became  established  which  presently  supports 
100,000+  hours  of  fishing  and  produces  an  annual   catch  of  50,000  to  100,000  fish. 
Water  released  through  the  turbines   is  42°F  ±1°  year  around.     Therefore,   the 
river  is  relatively  warmer  in  winter  and  cooler  in  summer  than  natural   conditions. 
The  stabilized  water  temperature  has   favored  development  of  an  excellent  rainbow 
trout  and  mountain  whitefish  fishery. 

Since  1979,  minimum  flows  and  regulated  peaks  have  been  voluntarily  provided 
by  the  USSR  v/ho  operates   the  dam.      These  flows  will    be  required  under  the  operating 
schedule  when  Anderson  Ranch  Powerplant  is  rebuilt  in   the  next  few  years. 
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Management  Goals  and  Objectives 
Maintain  the  present  management  for  kokanee  and  smallmcuth  bass  in   the 
reservoir,  quality  rainbow  trout  fishing  and  whitefish  in   the  rivers. 

Recommendations  to  Protect,  Mitigate  and  Enhance  Fishery  Resources 
Guarantee  instream  flow  minimums  for  overwintering  and  spav/ning  trout  in 
the  South  Fork  below  Anderson  Ranch  Dam,     (1,3.2) 
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Other  Hydroelectric  Projects 

The  Boise  River  system  is  harnessed  and  controlled  by  a   series  of  storage 
dams,  diversion  dams  and  canals.     A  number  of  hydroelectric  projects  have  been 
suggested  at  outlets,  drains  and  drop  structures.     Each  new  development  will    have 
some  impacts  on  fishery  resources  and  will   require  one  or  more  of  the  following 
measures  to  mitigate  or  minimize  impacts       (1.2.9): 

1.  Within  the  constraints  of  existing  diversion  and  storage  rights, 
instream  flows  sufficient  to  maintain  aquatic  resources   should  be  provided. 

2.  Turbine  intakes  should  be  screened  or  game  fish  lost  to  turbine 
mortalities  should  be  replaced. 

3.  Introductions  of  suitable  species  of  game  fish  should  be  made  as 
necessary  to  maintain  sport  fisheries  in  all   waters  affected  by  hydropower 
projects. 

4.  Habitat  degraded  by  hydroelectric  development  should  be  restored  or 
reolaced. 
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Payette  River  Basin 
Basin  Description 

Geography 
The  Payette  River  is  a  major  drainaqe  of  west-central  Idaho,  joining  the 
Snake  River  at  RM  365.6  near  the  town  of  Payette. 

Major  tributaries  of  the  Payette  River  are  the  North,  Middle  and  South  Forks 
and  the  Deadwood  River.  The  basin  lies  entirely  within  Idaho. 

Dams  on  the  Payette  drainage  include  Cascade  on  the  North  Fork,  Deadwood 
on  the  Deadwood  River  and  Black  Canyon  on  the  main  Payette  near  Emmett.  These 
three  dams  are  primarily  irrigation  storage  and  diversion  dams,  however,  hydro- 
electric generating  capacity  at  Cascade  is  presently  being  increased  by  a  new 
powerhouse  being  built  by  Idaho  Power  Company.  Deadwood  Dam  includes  a  small 
turbine  to  generate  power  for  adjacent  federal  facilities  increased  generating 
capacity  is  possible.  Black  Canyon  Dam  includes  hydropower  facilities.  In 
addition,  Idaho  Power  Company  is  seeking  federal  permits  to  construct  new  hydro- 
electric facilities  on  the  North  Fork  downstream  from  Cascade  Reservoir  and  has 
proposed  3  new  dams  on  the  South  Fork. 

Hydrology 
The  Payette  River  drains  3,240  square  miles  and  discharges  an  average  of 
3,080  cfs  (2,231,000  acre  feet/year).  Besides  Deadwood  and  Cascade  Reservoirs 
there  are  numerous  small  irrigation  imooundments  and  control  structures  and  natural 
lakes  within  the  basin.  Diversions  from  the  river  system  irrigate  approximately 
200,000  acres. 

Recreation 
The  Payette  Basin  receives  heavy  recrsational  use  frcm  the  nearby 
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Boise/Treasure  Valley  area  which  contains  approximately  one-third  of  the  popu- 
lation of  Idaho.  Cascade  Reservoir  is  the  single  most  heavily  used  fishery  in 
the  state  according  to  a  1978  statewide  survey.  Hunting,  fishing  and  boating 
on  the  waters  of  the  basin  are  a  major  recreational  and  economic  resource. 

Resident  Fish  Resources 
The  Payette  Lakes  at  the  headwaters  of  the  North  Fork  contain  one  of  the 
few  native  kokanee  populations  in  Idaho.  Rainbow  trout  produce  the  major  sal- 
monid  fisheries  in  both  lakes  and  streams.  Lake,  brook,  borwn  and  cutthroat  trout 
provide  a  popular  and  heavily  used  fishery.  A  mixed  warm  water  fishery  is  present 
in  the  lower  Payette.  Yellow  perch  in  Cascade  Reservoir  and  black  crappie  in 
Paddock  Valley  are  tv;o  of  the  most  popular  warm  water  fisheries  in  the  state. 

Cascade  Project 

Project  Description 
Cascade  Reservoir  was  constructed  as  a  flood  control  and  irrigation  storage 
reservoir.  Completed  in  1949,  the  dam  created  a  30,000  surface  acre  reservoir 
storing  703,200  acre  feet  of  water.  Hater  releases  are  regulated  for  summer 
irrigation  demand  and  hydropower  generation  at  Black  Canyon  power  plant. 

A  small  pov;erhouse  is  operated  at  Cascade  Dam.  This  powerhouse  is  presently 
being  replaced  by  a  larger  unit  by  Idaho  Fewer  Company.  Hydrogeneration  will 

be  dependent  on  existing  release  schedules. 

History  of  Fish 
During  the  early  years  after  construction,  Cascade  Reservoir  was  an  excellent 
rainbow  trout  fishery.  Northern  squawfish  pooLlations  dominated  the  population 
from  the  mid-50' s  until  the  early  70' s,  Vi'ren   sjccessful  chemical  treatments  reduced 
squawfish  populations  and  allowed  an  estcbli5hed  yellow  perch  population  to  expand 
into  the  available  habitat. 
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Presently  Cascade  provides  excellent  fishing  for  9  to  14  inch  yellow  perch. 
Approximately  80,000  catchable  size  rainbow  trout  and  1.5  million  fingerling 
rainbow,  kokanee  and  coho  are  planted  annually  and  create  an  excellent  salmonid 
fishery.  The  stocking  rate  of  50  fingerling  salmonids  per  acre  is  far  less  than 
carrying  capacity  for  the  productive  water. 

Impacts  on  Fish 
Cascade  Dam  eliminated  some  fair  river  and  stream  habitat  and  created  one 
of  the  most  productive  reservoir  fisheries  in  Idaho.  Nongame  fish  populations 
are  a  problem,  but  appear  to  be  kept  in  check  by  game  species. 

Management  Goals  and  Objectives 
Continue  present  management  of  Cascade  Reservoir  as  a  hatchery  supported 
salmonid  fishery  supplemented  by  natural  reproduction  of  yellow  perch. 

Recommendations  to  Protect,  Mitigate  and  Enhance  Fishery  Resources 
The  salmonid  fisheries  at  Cascade  are  dependent  on  annual  plants  of  hatchery 
reared  fish.  These  plants  could  be  increased  two  to  four  times,  greatly  enhancing 
fishing  quality  vyithin  the  carrying  capacity  of  the  reservoir.  Budget  constraints 
prevent  the  Department  of  Fish  and  Game  from  meeting  these  goals.   (1.8.8). 

Recommend  appropriate  mitigation  measures  for  new  hydropower  projects  pro- 
posed for  the  basin.   (1.8.9). 

Retain  the  South  Fork  sub-basin  in  its  present,  free-flowing  condition.  (1.9,4] 
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Salmon  River  Basin 

Basic  Description 

Geography 
The  Salmon  River  drains  the  central  Idaho  Mountains,  including  the  River  of 
No  Return  Wilderness  area.  The  drainage  runs  generally  north  and  west  to  join  the 
Snake  River  at  RM  188.2. 

The  Salmon  River  and  major  tributaries  including  the  South,  Middle,  North 
and  Yankee  Forks,  Little  Salmon,  Lemhi  and  Pahsimeroi  Rivers  constitute  the  largest 
undammed  river  system  in  the  entire  Columbia  drainage. 

Except  for  numerous  small  hydroprojects  which  provide  electricity  for  isolated 
ranches  and  resorts,  there  is  no  hydropower  development  of  the  drainage. 

Hydrology 
The  Salmon  drains  14,100  square  miles  and  produces  an  average  discharge  of 
11,250  cfs  (8,151,000  acre  feet/year).   It  is  second  in  size  only  to  the  Clearwater 
among  Snake  River  tributaries. 

There  are  a  number  of  small  irrigation  impoundments  and  irrigation  diversions 
from  natural  stream  flow  but  the  drainage  is  essentially  free  flowing. 


Recreation 
Fishing  and  Whitewater  boating  on  the  Salmon  and  tributaries  are  a  major 
recreational  resource  and  provide  an  important  and  stable  component  of  the 
economy  throughout  the  Salmon  Basin. 

Resident  Fish  Resources 
Rainbow,  cutthroat,  Doily  Varden  and  brook  ::rout  S'^pport  popular  fisheries 
of  excellent  quality  in  t".e  Sal-on  River  and  tributary  drai'-ages.  There  are  ever 
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3,000  miles  of  free  flowing  streams  and  700  alpine  lakes  in  the  drainage.  Mountain 
whitefish,  grayling,  golden  trout  and  kokanee  also  occur  in  the  drainage.  White 
sturgeon  occupy  deep  pool  areas  in  the  Main  Salmon  River. 

The  free  flowing  rivers,  particularly  in  the  wilderness  areas,  provide  quality 
wild  trout  fishing  of  national  reputation. 

Hydropower  Projects 
There  are  no  significant  hydropov/er  projects  in  the  Salmon  Basin,  although 
some  have  operated  in  the  past  and  others  have  been  proposed.  Wild  and  Scenic 
River  designations  preclude  development  on  the  major  streams. 

Management  Goals  and  Objectives 
Maintain  quality  wild  trout  fisheries. 

Recommendations  to  Protect.  Mitigate  and  Enhance  Fishery  Resources 
Maintain  the  free  flowing  river  habitat  and  protect  the  watershed  within  the 
entire  Salmon  Basin.  (1.9.5). 
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Clearwater  River  Basin 

Basin  Description 

Geography 
The  Clearwater  River  runs  from  east  to  west  across  north-central  Idaho  and 
enters  the  Snake  River  on  the  Washington  border  at  RM  139.3.  The  Clearwater 
Basin  lies  entirely  within  Idaho. 

Major  tributaries  of  the  Clearwater  River  are  the  North  Fork  Clearwater, 
South  Fork  Clearwater,  Lochsa  and  Selway  Rivers. 

Only  one  hydropower  project  is  presently  operating  on  the  Clearwater  drainage. 
Dworshak  Dam  is  located  at  approximately  RM  2  on  the  North  Fork. 

Hydrology 
The  Clearwater  drains  approximately  9,570  square  miles  and  has  an  average 
discharge  of  15,480  cfs  (11,220,000  acre  feet/year). 

Dworshak  Reservoir  controls  flood  waters  of  the  North  Fork  and  provides 
power  generation.  Dworshak  is  one  of  the  major  hydropower  storage  reservoirs  in 
the  Columbia  system  with  approximately  two  million  acre  feet  of  active  storage 
out  of  the  total  3,459,000  acre  feet  maximum  storage. 

Recreation 
Fishing  is  a  major  recreational  activity  within  the  Clearwater  drainage. 
Kelly  Creek,  Lochsa  and  Selway  Rivers  are  known  for  native  wild  V.'eststlop  cutthroat 
trout  fisheries.  Dv;orshak  Reservoir  at  17,000  surface  acres  makes  up  approximately 
one-third  of  the  total  water  area  in  the  drainage  and  is  the  only  large  body  of 
standing  water. 
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As  such,  it  receives  a  major  portion  of  boating  and  fishing  recreation  expended 
within  the  drainage. 

Resident  Fish  Resources 
Wests! ope  cutthroat  trout  are  the  major  species  in  the  streams  of  the  Clear- 
water drainage.  Rainbow,  brook  and  Dolly  Varden  trout  provide  substantial  fisheries 
in  the  430  alpine  lakes  and  3,200  miles  of  streams  in  the  drainage.  Warmwater 
species  provide  locally  popular  fisheries  in  several  small  low-elevation  impound- 
ments and  in  Dworshak  Reservoir. 

Dworshak  Dam  Project 

Project  Description 
Dworshak  is  a  700  foot  high  dam  which  impounds  3.  5  million  acre  feet  of  water 
in  a  17,000  acre  reservoir  which  backs  water  approximately  50  miles  up  the  North 
Fork.  Storage  began  on  September  27,  1971. 

History  of  Fish 
The  North  Fork  traditionally  supported  native  cutthroat  and  rainbow/steel  head 
trout  fisheries.  Mountain  whitefish  and  Dolly  Varden  also  provide  good  fishing. 

Impacts  on  Fish 
Dworshak  Reservoir  flooded  approximately  100  miles  of  the  North  Fork,  Little 
North  Fork  and  tributaries  eliminating  stream  habitat,  but  creating  a  large  lake 
habitat.  Kokanee  salmon,  rainbow  trout  and  smallmouth  bass  were  introduced  to 
enhance  the  reservoir  fishery.  Costs  of  fish  stocking  are  borne  by  the  U.S.  Army 
Corps  of  Engineers  as  part  of  project  operations. 
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Releases  from  the  reservoir  have  cooled  the  lower  40  miles  of  the  Clearwater 
River,  eliminating  a  popular  smallmouth  bass  fishery  and  creating  habitat  suitable 
for  rainbow  trout  and  whitefish. 

Anadromous  fish  have  been  eliminated  from  the  North  Fork  drainage,  which  has 
contributed  to  expansion  of  the  resident  cutthroat  population. 

Management  Goals  and  Objectives 
Continue  to  manage  Dworshak  Reservoir  for  kokanee  and  rainbow  trout. 

Manage  upper  tributaries  of  the  North  Fork  and  undammed  portions  of  the 
drainage  for  native  Wests! ope  cutthroat  and  rainbow  trout. 

Recommendations  to  Protect,  Mitigate  and  Enhance  Fishery  Resources 
Protect  remaining  free  flowing  streams  for  trout  fishing  and  for  salmonid 
spawning.    (1.9.6) 

Continue. stocking  Dworshak  Reservoir  to  provide  fishing.   (1.8.10). 

Stock  a  race  of  river  rainbow  trout  into  the  Clearwater  River  below  the  North 
Fork  to  establish  a  trout  fishery  to  replace  the  smallmouth  bass  fishery  which  has- 
been  eliminated  by  cold  water  releases  from  Dworshak  Reservoir.  (1.8.11) 
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Snake  River  Drainage 

Basic  Description 

Geography 
The  Snake  River  enters  Idaho  at  RM  918.0  on  the  Wyoming  border  near  Alpine, 
Wyoming.  The  Snake  flows  in  a  broad  arc  across  southern  Idaho,  then  turns  north, 
forming  the  western  border  of  the  state  for  approximately  250  miles.  A  total  of 
778.7  miles  of  the  Snake  River  is  within  or  bounds  Idaho. 

Throughout  its  length  within  Idaho  the  main  stem  of  the  Snake  River  is  con- 
trolled by  12  hydropower  and/or  irrigation  dams.  Numerous  pump  diversions  are 
located  across  the  Snake  River  plain. 

Major  tributaries  to  the  Snake  include  the  Clearwater,  Salmon,  Weiser,  Payette, 
Boise,  Malad  (Wood),  Portneuf,  Blackfoot  and  Henrys  Fork  drainages.  All  except  the 
Salmon  are  controlled  and  regulated  by  hydropower  and/or  irrigation  dams. 

Hydrology 
The  Snake  River  at  the  point  it  leaves  Idaho,  drains  an  area  of  103,200  square 
miles  and  discharges  an  average  of  51,260  cfs  (37,140,000  acre  feet/year).  Approxi- 
mately 30  percent  of  the  state  drains  into  the  Snake  River. 

Elevation  within  the  drainage  varies  from  12,602  feet  msl  at  Mt  Borah  to  700 
feet  msl  at  Lswiston.  Precipitation  ranges  from  less  than  10  inches  per  year  in  the 
southern  Idaho  deserts  to  tenperates  rain  forests  in  the  Clearwater  drainage. 

Recreation 
Recreation  is  generally  accorded  third  place  in  Idaho  industries  behind 
agriculture  and  foresc  products.  At  the  present  time  the  forest  products  industry 
is  depressed  and  recreation  is  probably  runnir.g  a  close  second  to  agriculture  in 
the  Idaho  economy. 

-30- 


Recreation  is  a  stable  segment  of  the  economy,  but  is  dependent  upon  the  quality 
of  recreational  opportunity  available.  Some  500,000  fishermen  utilize  Idaho 
fisheries  each  year.  Approximately  one-third  of  Idaho  fishinq  license  sales  are 
nonresident  season  or  short-term  licenses.  Tourism,  of  which  fishinq  is  a  major 
component,  brings  substantial  amounts  of  new  money  into  the  Idaho  economy.  The 
population  of  Idaho  is  approximately  1  million,  and  about  300,000  resident  licenses 
and  permits  are  issued.  Unlicensed  juveniles  and  other  anglers  exempt  from  license 
requirements  make  up  a  substantial  portion  of  the  fishing  population.  A  recent 
survey  indicated  that  85  percent  of  Idaho  households  have  at  least  one  member  who 
fishes. 

Resident  Fish  Resources 
The  fisheries  of  the  Snake  Basin  are  as  diverse  as  the  terrain  and  habitat. 
From  Lewiston  upstream  to  Twin  Falls  warm  water  species  are  most  common.  Small - 
mouth  bass,  channel  and  flathead  catfish  occupy  the  free-flowing  river  sections. 
Largemouth  bass,  black  crappie,  bluegill,  yellow  perch  and  bullhead  catfish  as  well 
as  the  three  previously  mentioned  species  are  present  in  impoundments  and  adjacent 
sloughs  and  backwaters.  Rainbow  trout  are  the  most  common  salmonid  and  provide 
major  fisheries  in  dam  tail  races  and  some  impoundments.  White  sturgeon  also  occupy 
most  of  the  free-flowing  areas  and  dam  tailraces.  Kokanee  and  landlocked  coho 
salmon  provide  fisheries  in  some  areas.  Upstream  from  Twin  Falls  and  above  3,000 
feet  elevation,  salmonid  fisheries  become  dominant.  Snake  River  cutthroat  are  the 
native  trout  of  the  basin  upstream  from  Twin  Falls,  however,  rainbow  trout  are  presently 
the  most  common  species.  Brown  trout  provide  some  important  fisheries  as  do  kokanee, 
landlocked  coho  salmon  and  lake  trout.  Mountain  whitefish  occur  throughout  the  basin. 
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Snake  River  Hydropower  Projects 

Project  Descriptions 
Hydroelectric  power  is  generated  at  Hells  Canyon,  Oxbow,  Brown! ee,  Swan  Falls, 
C.  J.  Strike,  Bliss,  Lower  Salmon  Falls,  Upper  Salmon  Falls,  Milner,  Minidoka,  A,T,eri- 
can  Falls  and  Palisades  Dams  on  the  Snake  River.  In  addition,  there  are  hydropower 
projects  built  at  natural  falls  at  Twin,  Shoshone  and  Idaho  Falls.  Approximately 
250  miles  of  the  Snake  River  is  impounded  and  covered  by  dam  backwaters. 

History  of  Fish 
The  primary  native  game  fish  below  Twin  Falls  were  white  sturgeon,  mountain 
whitefish  and  rainbow  trout.  Above  Twin  Falls  cutthroat  and  whitefish  were  present. 
Impoundment  and  diversion  has  eliminated  much  of  the  sturgeon  habitat  and  reduced 
the  suitability  of  trout  habitat.  Excellent  warm  water  populations  have  become 
established  in  the  impoundments  and  much  of  the  flowing  water. 

Impacts  on  Fish 
Impoundment  and  diversion  has  drastically  altered  the  habitat  of  the  Snake 
River.  None  of  the  dams  have  upstream  fish  passage  facilities,  isolating  popula- 
tions in  the  intervening  river  sections.  Backwaters  of  reservoirs  tend  to  increase 
water  temperatures,  while  low  level  outlets  in  some  dams -ami  the  water.  Some  dams 
discharge  water  low  in  dissolved  oxygen  from  bottom  outlets,  others  create  gas 
S'jpersaturation  from  high  spilVways.  Peaking  operations  interfere  with  spawning 
of  warm  water  and  salmonid  species.  Salmonid  fisheries  have  become  restricted  to 
dam  tailraces,  spring  fed  areas  and  deeper  reservoirs.  Warm  water  species  have 
become  dominant  in  most  reservoirs  and  r:'/er   sections.  Nongame  fish  have  been 
favored  by  the  general  warming  trend  and  irpcunc'nents  and  have  greatly  increased 
in  abundance.  V/hite  sturgeon  populations  are  restricted  to  a  few  frse-f'cwing 
canyon  areas  which  still  meet  their  habitat  rsqui regents . 
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Resident  fish  mitigation  has  been  limited  to  sporadic  planting  of  fingerlings 
and  catchable  size  rainbow  trout  and  cooperation  in  initial  introductions  of  warm 
water  species  into  new  impoundments.  No  attempt  has  been  made  to  mitigate  for  white 
sturgeon.  In  most  cases  the  burden  of  establishing  and  maintaining  resident  fisheries 
has  been  assumed  by  the  Idaho  Department  of  Fish  and  Game  and  fish  stocking  and  manage- 
ment has  been  funded  by  fishing  license  fees. 

Idaho  Department  of  Fish  and  Game  operates  12  trout  hatcheries,  producing 
800,000  to  1.2  million  pounds  of  catchable  size  trout  and  several  million  fry  or 
fingerling  rainbow,  brook,  brown,  lake  and  cutthroat  trout,  kokanee,  landlocked 
coho  and  chinook  salmon,  and  miscellaneous  other  species  to  stock  within  Idaho. 
The  budget  for  resident  fish  hatchery  production  is  approximately  1.4  million 
dollars  annually,  not  counting  new  construction.  A  major  portion  of  hatchery  reared 
trout  and  other  species  are  stocked  into  hydroelectric  project  reservoirs  to  es- 
tablish and  maintain  fisheries.  Idaho  Pov/er  Company  has  stopped  stocking  their 
reservoirs  with  resident  trout  except  in  one  case  of  specific  mitigation.  The 
U.S.  Fish  and  Wildlife  Service  hatchery  at  Hagerman  previously  stocked  Indian  reser- 
vations, federal  project  reservoirs  and  the  adjacent  stream  sections,  but  is  dis- 
continuing this  program.  At  the  present  time,  virtually  all  of  the  burden  of  main- 
taining fisheries  in  the  Snake  River  and  reservoirs  falls  on  the  Idaho  Department 
of  Fish  and  Game  and  fishing  license  buyers. 

"anage.T^ent  Goals  and  Objectives 
Free-flowing  sections  and  reservoirs  with  suitable  habitat  will  be  ^lanaged 
for  salmonid  fisheries  with  annual  stocking  of  suitable  sizes  and  species  of  trout 
or  landlocked  salmon. 

Reservoirs  and  river  sections  which  will  not  support  salmonid  fisheries  will 
be  r^cnaged  for  warm  wa:er  ganefisf^  species. 
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Nongame  fish  will  be  controlled  by  chemical  means  or  utilized  by  commercial 
fishing  when  economically  feasible. 

V 

Remaining  white  sturgeon  habitat  will  be  protected  and  preserved. 

Recommendations  to  Protect,  Mitigate  and  Enhance  Fishery  Resources 
Maintain  or  increase  the  stocking  of  hatchery  reared  trout  into  suitable  habi- 
tat where  natural  reproduction  is  not  sufficient  to  provide  an  acceptable  fishery.  (1.8.12] 

Protect  and  preserve  the  remaining  areas  of  suitable  free-flowing  river  habi- 
tat for  white  sturgeon.   (1.8.13) 

Artificial  propagation  methods  for  white  sturgeon  are  being  successfully 
developed  in  California.  Artificial  propagation  could  restore  sturgeon  populations 
where  natural  reproduction  has  been  limited  by   dams.   (1.8.14) 

Introduce  suitable  species  of  warm  water  game  fish  into  vacant  habitat 
which  is  unsuited  for  salmonids.   (1.8.15) 

Encourage  development  of  cormnercial  nongame  fish  fisheries  by  conducting  and 
publishing  research  to  inventory  populations,  development  of  fishing  gear  or 
techniques  and  exploring  market  potentials.   (1.3.15) 
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Introduction 

In  preparing  these  recommendations,  I  sought  the  recommendations,  advice, 
and  informed  comment  of  many  individuals  who  are  also  concerned  about  the 
forturnes  of  resident  sport  fish.  Ihe  recommendations  presented  in  Appendix  C 
are  directly  related  to  hydroelectric  development.  Many  other  good  recommenda- 
tions or  ideas  fell  out  along  the  way  because  their  relation  to  hydro  power 
is  not  as  clear.  One  group  of  colleagues  compiled  a  comprehensive  summation 
of  development  impacts  on  resident  game  fish.  "Hiey  concluded  that  inundation 
(i.e.,  creating  a  reservoir)  and  fluctuation  (non-seasonal,  frequent  rise  and 
fall  of  stream  or  reservoir  levels)  are  the  two  major  consequences  of 
hydroelectric  development. 

The  Appendix  C  recommendations  are  diverse.  No  effort  is  made  to  lab«l 
then  as  to  whether  they  fall  under  protection,  mitigation,  or  enhancement. 
In  Washington's  fish  and  wildlife  matters  related  to  natural  resource 
alteration  (e.g.,  dams,  irrigation,  highways,  etc.),  the  Department  of  Game's 
priorities  are  loss  prevention  (whether  habitat  or  wildlife),  then  mitigation/ 
compensation,  and  lastly  enhancement.  Natural  resource  alteration,  where  one 
resource  is  frequently  developed  at  the  expense  of  another,  continues  to 
escalate  so  that  loss  prevention  and/or  reduction  demands  greatest  attention 
now.  One  result  is  that  some  very  good  fish  and  wildlife  enhancement  projects 
are  down-graded. 

To  properly  categorize  preliminary  recommendations,  an  outline  was 
developed  which  placed  several  subobjectives  under  each  of  5  main  objectives. 
Every  subobjective  was  assigned  a  code  nunber  for  easy  reference;  for  example, 
1.2. 3*  The  order  in  which  recommendations  are  presented,  or  their  code 
numbers,  do  not  indicate  the  priority  of  their  considered  importance.  "Hie 
following  list  places  the  final  resident  fish  recommendations  in  order  of 
priority.  Number  1  is  highest  priority  and  12  is  lowest.  Priorities  were 
assigned  on  the  basis  of  worth  (protection,  mitigation,  or  enhancement), 
supporting  documentation,  and,  where  the  choice  was  not  clear  cut,  professional 
judgement. 


Priority 

Code  No. 

1. 

2.1 

2. 

1.2.13 

3. 

1.9.7 

k. 

1.2.14 

5. 

1.2.10 

6. 

1.8.18 

7. 

1.8.17 

8. 

1.1.6 

9. 

1.2.11 

10. 

1.2.11 

11. 

1.8.19 

12. 

1.8.20 

Recommendation 

Banks  Lake  Barrier  Net 

Banks  Lake  Rule  Curves 

Protection  Of  Waters  As  They  Now  Exist 

Mid  Columbia  River  Reservoirs  Study 

Mid  Columbia  River  Reservoirs  2  Foot  Limit  On 

Fluctuation 

Protection  Of  Hanford  Reach  Sloughs 

Enlarged  Bumping  Reservoir  Off-stream  Storage 

Recommended  Yakima  River  Basin  Stream  Flows 

Simrock  Reservoir  Recommended  Minimum  Pool 

Keechelus  Reservoir  Recommended  Minimum  Pool 

Wells  Reservoir  Warm  Water  Fish  Habitat  Enhancement 

Priest  Rapids  Reservoir  Warm  Water  Fish  Habitat 

EInhancement . 


Basin  Description 


Mid  Columbia  River  Basin 


Geography 


The  portion  of  the  mainstem  Columbia  River  often  referred  to  as  the  Mid 
Columbia  is  about  ^20  miles  long.  It  extends  from  the  mouth  of  the  Snake  River 
to  the  Canadian  border. 

Major  tributarj  streams  of  the  Mid  Columbia  are  the  Snake,  Yakima, 
Wenatchee,  Methow,  Okanogan,  San  Poil,  Spokane,  and  Colville  rivers. 

Six  hydroelectric  projects  on  the  mainstem  Mid  Columbia  are  discussed. 
They  are  Priest  Rapids,  Wanapum,  Rock  Island,  Rocky  Reach,  Wells,  and  Chief 
Joseph  projects. 

Hydrology 

The  Mid  Columbia  River  drains  about  iO<;,tKX>  square  milers,  including  60,000 
square  miles  in  Canada.  Annual  precj  pi  ttilion  ni  the  Mid  Coliimbift  region  averagef; 
about  9  inches.  About  70  percent  of  thif-  falls  from  October  through  March, 
mainly  as  snow.  Summer  precipitation  comes  mainly  from  thunderstorms. 
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Average  annual  stream  flow  for  the  Mid  Columbia  is  approximately  120,000 
cubic  feet/second  (cfs),  but  short  term  extremes  have  varied  by  a  factor  of  5 
either  way.  Flow  is  regulated  by  10  major  reservoirs  and  numerous  small 
reservoirs  and  power  plants.  About  A-5  percent  of  annual  stream  flow  is 
diverted  for  irrigation. 

Recreation 

Outdoor  recreation  continues  to  increase  in  importance,  especially  in 
eastern  Washington.  Seventy  five  percent  of  Washington's  population  lives  in  the 
western  part  of  the  State,  but  half  of  the  wildlife-oriented  recreation  occurs  in 
eastern  Washington.  On  an  annual  basis,  approximately  120,000  anglers  fish  for 
resident  sport  fish  in  the  Mid  Columbia  River. 

Resident  Fish  Resources 

Rainbow  trout  are  the  most  important  game  fish  in  the  basin.  Whitefish  are 
also  important. 

Among  the  non-salmonid  game  fish,  walleye  are  the  most  popular.  Smallmouth 
and  largemouth  bass,  and  also  crappie  populations,  are  increasing  in  numbers 
and  popularity.  Sturgeon,  channel  catfish,  and  blue  catfish  are  most  frequently 
caught  in  the  southern  portion  of  the  Mid  Columbia. 

Project  Description 
Priest  Rapids  Project 

Priest  Rapids  Dam  and  Reservoir  is  a  r.rant  County  PUD  proiort  at  RM  1Q7. 
It  was  completed  in  1960. 

The  reservoir  Is  7,700  .ures  and  18  miles  long,  i-ndin^  at  Wanapum  Dam. 
Power  generation  causes  frequent  vertical  fluctuation  of  the  reservoir  of  1-5  feet. 
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History  of  Fish 

For  several  years,  kamloops  trout  were  planted  in  this  reservoir.  Few  were 
caught.  It  is  known  that  some  migrated  to  the  ocean  and  then  returned  as  adult 
steelhead. 

Smallmouth  bass  are  localized  to  specific  areas  but  do  provide  some  angling. 
Walleye  are  also  caught.  Both  species  have  immigrated  into  this  reservoir  naturally. 
Mountain  whiteflsh  are  natives  and  some  can  still  be  caught  in  the  upper  part  of 
the  project. 

Impact  on  Fish 

The  slack  water  environment  benefits  warm  water  fish;  but  mountian  whitefish 
are  now  found  only  in  the  upper,  flowing  portion  of  the  project.  Fluctuation 
limits  reproduction  and  rearing.  Rough  fish  populations  are  prospering  in  the 
reservoir  environment. 

Management  Goals  and  Objectives 

Goal ;   To  Increase  overall  angling  opportunity  while  maintaining  or  increasing 

wild  game  fish  populations. 
Objectives ;   1.  Maintain  populations  of  wild  resident  salmonids. 

2.  Maintain  current  warm  water  game  fish  populations  while  deter- 
mining the  degree  of  compatibility  with  anadromous  smolts. 

3.  Increase  harvest  of  warm  water  game  fish  through  Increased 
public  awareness. 

Wanapum  Project 

Wanapum  Dnm  and  Reservoir  Is  also  a  Crant  County  I'UI)  proji-i-t.  The  dam  Is  nt 
RM  415.  The  Wanapum  Dam  and  Reservoir  was  completed  in  1963. 
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The  reservoir  is  approximately  15,000  acres  and  38  miles  long,  ending  at 
Rock  Island  Dam.  Power  operations  cause  the  reservoir  to  often  fluctuate  1-2 
feet. 

History  of  Fish 

Kamloops  trout  were  planted  in  this  reservoir  for  several  years.  This  effort 
was  not  successful.  The  results  were  similar  to  those  at  Priest  Rapids. 

PUD  fishery  biologist  found  the  greatest  abundance  of  fish  in  the  Mid 
Columbia  reservoirs  in  Wanapum  reservoir.  Smallmbuth  bass  and  walleye  are  the 
fish  which  show  up  most  often  in  the  sport  catch.  Mountain  whitefish  are  found 
in  the  flowing  upper  portion  of  the  project  and  contribute  to  the  sport  catch. 
A  few  sturgeon  are  also  caught  near  Rock  Island  Dam. 

Impact  on  Fish 

The  reservoir  environment  has  had  the  same  result  as  at  Priest  Rapids.  Cold 
water  fish  have  declined,  warm  water  species  are  on  the  increase,  and  rough  fish 
are  abundant.  Frequent  fluctuations  degrade  the  habitat  of  resident  fish,  but 
not  to  the  degree  as  elsewhere. 

Management  Goals  and  Objectives 

Goal:   To  increase  overall  angling  opportunity  while  maintaining  or  increasing 

wild  game  fish  populations. 
Objectives:    1.  Maintain  populations  of  wild  resident  salmonids. 

2.  Maintain   ciiricnt    wnrm   wati-i'    j'.aiiif    i  Isli    pci'iilal  inn;;   will  It-   ili-t  <'inil  ii>; 
decree   ol    compatibility    with  anadromoiis    sa  Iiiioaids. 

3.  Increase  harvest  of  warm  water  game  fish  through  increased 
public  awareness. 


-  5  - 


Rock  Island  Project 

Rock  Island  Dam  and  Reservoir  is  owned  and  operated  by  Chelan  County  PUD. 
The  dam  is  at  RM  453.  The  reservoir  is  21  miles  long  and  approximately  3,500  acres 
in  size.  Frequent  fluctuation  due  to  power  operations  is  2-A  feet. 

Rock  Island  was  the  first  major  dam  on  the  Columbia  River.  The  project  was 
completed  in  1933  by  Washington  Electric  Co.  and  Puget  Sound  Power  and  Light  Co. 
and  later  was  acquired  by  Chelan.  The  reservoir  elevation  has  been  increased  3 
times  since  original  construction:  4  feet  in  1951,  3  feet  more  in  1953,  and  6 
additional  feet  in  1978. 

History  of  Fish 

As  with  other  Mid  Columbia  reservoirs,  mountain  whlteflsh  were  abundant  before 
reservoir  creation.  Fishing  for  whitefish  is  still  a  popular  winter  pasttime  in  the 
vicinity  of  the  Wenatchee  River  mouth  and  in  the  riverine  upper  project  area. 

Walleye  fishing  is  increasing  in  popularity  and  is  concentrated  in  the 
upper  half  of  the  project.  There  is  no  significant  population  of  smallmouth  bass. 

Rough  fish  are  abundant,  especially  in  the  downstream  half  of  the  reservoir. 

Impact  on  Fish 

The  Rock  Island  project  is  the  least  reservoir-like  of  those  on  the  Mid 
Columbia  River.  But  here  also,  cold  water  sport  fish  are  reduced  in  habitat  and 
numbers,  warm  water  sport  species  are  on  the  increase,  and  rough  fish  dominate. 

Managemen t  Goals  and  Objectives 

'*  «T  i  1, 

Goal:    To  Increase  overall  angling  opportunity  while  maintaining  or  increasing 
wild  game  fish  populations. 
Objectives:   1.  Maintain  populations  of  wild  resident  salmonids. 
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2.  Maintain  current  warm  water  game  1 isli  populations  while  determining 
degree  of  compatibility  with  anadromous  salraonids. 

3.  Increase  harvest  of  warm  water  game  fish  through  increased 
public  awareness. 

Rocky  Reach  Project 

Rocky  Reach  Dam  and  Reservoir  is  a  Chelan  PUD  project  locatt-d  at  RM  A74.  This 
facility  has  been  operating  since  1961. 

The  reservoir  is  10,000  acres  and  is  42  miles  long,  ending  at  Wells  Dam. 
Power  operations  cause  Rocky  Reach  reservoir  to  frequently  fluctuate  1-2  feet. 

History  of  Fish 

A  good  walleye  fishery  is  developing  Jn  the  iipptr  und  ol  this  project  (Wells 
Dam  tailwater).  Also  at  the  mouth  of  the  Chelan  River.  Some  mountain  whitefish 
are  also  caught  in  the  upper  half  of  the  project.  These  are  the  only  significant 
resident  sport  fisheries.  Rough  fish  abound  throughout  this  reservoir. 

Impact  on  Fish 

Rocky  Reach  has  experience  the  same  habitat  and  populations  changes  as  the 
previously  discussed  Mid  Columbia  reservoirs.  The  native  cold  water  fish  have 
diminished,  warm  water  sport  fisheries  are  developing,  and  coarse  fish  dominate 
the  overall  population.  Reservoir  fluctuation  limits  reproduction  and  rearing  of 
resident  sport  fish. 

Management  Goals  and  Ob j ec t  lytvs 

Goal:    To  increase  overall  angling  opportunity  while  maintaining  or  increasing 
wild  game  fish  populations. 
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Objectives;   1.  Maintain  populations  of  wild  resident  salmonlds. 

2.  Maintain  current  warm  water  game  fish  populations  while  determining 
degree  of  compatibility  with  anadromous  salmonlds. 

3.  Increase  harvest  of  warm  water  game  fish  through  increased 
public  awareness. 

Wells  Project 

Douglas  County  PUD  owns  and  operates  Wells  Dam  and  Reservoir,  located  at  RM  516. 
Wells  was  completed  in  1967. 

The  reservoir  is  10,000  acres  and  29  miles  long,  ending  at  Chief  Joseph  Dam. 
The  reservoir  fluctuates  1-8  feet  from  hydro  operations. 

History  q1^  Fish 

Prior  to  Wells  reservoir,  the  principal  resident  sport  fish  in  the  project 
area  were  mountain  whitefish.  Whlteflsh  are  now  fewer  in  numbers  and  confined  to 
river-like  areas  in  the  project.  Warm  water  sport  fish  are  on  the  increase. 
Walleye  provide  a  popular  fishery  at  a  number  of  places  in  the  project.  Large- 
mouth  bass,  smallmouth  bass,  crappie,  and  perch  are  also  caught.  Rough  fish 
dominate  the  overall  fish  population. 

Impact  on  Fish 

Inundation  of  the  free-flowing  Mid  Columbia  River  created  vast  changes  in 
fish  habitat.  The  slack  water  habitat  benefits  warm  water  game  fish;  rough  fish 
benefit  from  it  even  more.  Native  game  fish,  mainly  whitefish,  are  now  found 
only  in  the  re.sfrvol  r 's  rivi-titic  pari.  I'l  iictual  ion  1  roiii  |u)wci  diht.iI  ion.-;  tU-j'.iMcIt'!; 
the  present  reservoir  habitat  tor  all  llsh. 

Management  Goals  and  Objectives 
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Goal:    To  increase  overall  angling  opportunlLy  while  maintaining  or  Increasing 

wild  game  fish  populations. 
Objectives :    1.  Maintain  populations  of  wild  resident  salmonids. 

2.  Maintain  current  warm  water  game  fish  populations  while  determining 
degree  of  compatibility  with  anadromous  salmonids. 

3.  Increase  harvest  of  warm  water  game  fish  through  increased 
public  awareness. 

Chief  Joseph  Project 

Chief  Joseph  Dam  and  Reservoir  is  a  Corps  of  Engineers  project  at  RM  545.  It 
was  completed  in  1955. 

The  reservoir  is  8,000  acres  and  53  miles  long,  ending  at  Grand  Coulee  Dam. 
Power  generation  causes  frequent  reservoir  fluctuation  of  5-8  feet  or  more. 

History  of  Fish 

There  has  been  no  resident  fish  mitigation  whatsoever  for  construction  impacts 
of  Chief  Joseph  Project.  Walleye  and  rainbow  trout  are  fairly  common  in  the  reser- 
voir. Kokanee  are  taken  by  boaters  trolling  in  the  dam's  forebay.  Brown  trout, 
brook  trout,  ling,  sturgeon,  and  perch  are  also  present  but  seldom  show  up  in  the 
catch. 

Impact  on  Fish 

Coarse  fish  thrive  in  the  reservoir  environment.  The  areas  where  desirable 
spawn,  rear,  or  are  caught  are  often  exposed  by  reservoir  t  luet  iiat ion.  This 
dampens  overall  fisli  productivity. 

Management  Goals  and  Objectives 
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Goal ;   To  Increase  overall  angling  opportunity  while  maintaining  or  Increasing 

wild  game  fish  populations. 
Objectives :  1. Maintain  or  increase  wild  rainbow  trout  population. 

2. Increase  kokanee  population  and  harvest. 

3.  Increase  and  diversify  angling  opportunity. 

Recommendations  to  Protect,  Mitigate, 
and  Enhance  Fishery  Resources 

TO  ENHANCE  SUCCESSFUL  REPRODUCTION  AND  REARING,  THE  WATER  LEVELS  OF  MID  COLUMBIA 
RIVER  RESERVOIRS  SHOULD  FLUCTUATE  2  FEET  OR  LESS  IN  ELEVATION,  MARCH  THROUGH 
AUGUST  (RESERVOIR  DISCHARGE  SHOULD  NOT  BE  REGULATED  FOR  NEW  AND  FUTURE  HYDRO- 
GENERATION  AT  THE  EXPENSE  OF  FISHERY  NEEDS).    (1.2.10) 

Documentation 

Resident  game  (Ish  in  the  Mid  Columbia  River  would  bom-t  Lt  I rom  seasonally 
restricted  reservoir  operating  ranges  through  (1)  increased  spawning  success, 
(2)  an  increased  supply  of  vertebrates  as  a  food  source,  and  (3)  increased  aquatic 
vegetation  which  would  benefit  both  spawning  and  invertebrates. 

Restricting  daily  hydro-caused  water  level  fluctuations  to  2  feet  from  March 
through  August  will  protect  game  fish  reproduction  (Bell  1971,  Watson  1955). 
Smallmouth  bass  nests  and  fry  are  especially  vulnerable  to  water  level  fluctua- 
tions and  accompanying  water  temperature  changes  (Henderson  and  Foster  1956, 
Montgomery  et  al  1980).  Henderson  and  Foster  linked  poor  smallmouth  bass  spawning 
success  to  water  level  fluctuations.  Less  fluctuation  will  increase  spawning 
success. 

A  reduction  in  invertebrates,  caused  by  fluctuating  water  levels,  was 
injurious  to  sport  tislieries  in  I  ht-  Snaki'  Rivi-r  (Kroger  197  3).  InvertcbratfS, 
which  are  important  in  the  food  chain  ot  t  ish,  can  be  reduced  by  water  level 
fluctuations  in  3  ways.  First,  t luctuating  water  levels  reduce  aquatic 
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vegetation  (Falter  et  al  1972).  A  reduction  of  vegetative  cover  reduces  inverte- 
brate habitat  and  the  prey  of  invertebrates  (Bendy  1946,  (Irima.s  1962,  Hunt  and 
Jones  1968).  Second,  flow  rate  changes  and  periodic  stranding  alter  invertebrate 
habitat  so  that  they  can  no  longer  survive  there  (Kroger  1973,  Brusven  et  al  1974, 
Trotzky  and  Gregory  1974,  Brusven  1975,  Hildebrand  1980).  And  third,  high  or 
changing  water  velocities  sweep  invertebrates  downstream  and  significantly  reduce 
their  populations  (Brusven  et  al  1974,  Trotzky  and  Gregofy  1974,  Brooker  and 
Hemsworth  1978).  Seasonally  restricted  reservoir  operating  ranges  will  provide 
a  more  stable  environment  for  invertebrate  growth  and  survival.  An  increased  food 
supply  means  better  fish  growth  and  survival. 

Although  sufficient  light  for  aquatic  vegetative  growth  in  the  Columbia  River 
reservoirs  extends  down  to  12  feet,  most  growth  is  limited  to  within  8  feet  of  the 
surface.  Therefore,  a  productive  zone  in  river  reservoirs  is  reduced  by  fluctuating 
water  levels  as  its  upper  limit  and  available  light  as  its  lower  limit  (Falter  et  al 
1972).  Reduction  of  the  vegetative  zone  negatively  impacts  fish  spawning  (Il'ina 
and  Gordeyer  1972)  and  invertebrate  habitat  (Grimas  1962).  Reductions  in  water 
level  fluctuations  would  reduce  the  amount  of  vegetative  zone  impacted.  In  other 
words,  fish  habitat  and  habitat  of  fish  food  would  increase. 

IT  IS  RECOMMENDED  THAT  SLOUGH  AND  EMBAYMENT  SPAWNING  AND  REARING  AREAS  IN  THE 
HANFORD  REACH  OF  THE  MID  COLUMBIA  RIVER  BE  PROTECTED  FROM  FLUCTUATING  RIVER  FLOW 
BY  DIKING  AND  OTHER  APPROPRIATE  MEASURES,  AND  THAT  CONSIDERATION  FOR  PROTECTION 
OF  SUCH  SPAWNING  AND  REARING  AREAS  BE  INCORPORATED  INTO  MID  COLUMBIA  RIVER 
HYDROELECTRIC  PLANNING  AND  OPERATIONS.    (1.8.18) 

Documentation 

For  Description  ol  Hanford  lU-acii,  see  1.9.7. 

Over  90  %  of  the  smallmouth  bass  product  Ion  in  the  Hanford  Reach  occurs  in 
four  major  sloughs  (Zook  1980).  Montgomery  et  al  (1980)  and  Watson  (1955)  found 
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that  stable  water  levels  in  spring  and  early  sutiuner  are  necessary  for  successful 
spavmlng  of  smallmouth  bass.  As  a  result  ot  water  level  i iuctuations  (6-10  feet) 
caused  by  hydro  power  operations,  these  sloughs  experience  temperature  changes 
and  fry  and  ad-lt  smallmouth  bass  also  become  vulnerable  to  entrapment  and 
stranding. 

Thermal  shock  from  sudden  intrusions  of  colder  river  wati>r  are  also  damaging. 
This  occurs  with  hydro  peaking.  Emig  (1966)  reported  that  smallmouth  bass  are 
responding  to  a  water  temperature  threshhold  when  moving  into  sloughs  for 
spawning.  Spawning  begins  at  a  higher  temperature  range.  But  an  abrupt  drop  in 
water  temperature  causes  nesting  to  stop.  Henderson  and  Foster  report  that  cold 
water  flushing  through  slough  spawning  areas  in  the  Hanford  Reach  prevented 
hatching  of  bass  eggs. 

Rapidly  dropping  river  level  has  trapped  bass  in  the  sloughs,  adults  as  well 
as  young.  In  some  instances,  the  fisli  were  trapped  permanently.  An  increase  in 
predatlon  on  young  bass  by  adults  resulted,  and  then  dessication  of  all.  Since  fry 
are  more  susceptible  to  stranding  than  adult  fish,  a  major  drop  in  river  flow  when 
young  fish  are  at  peak  abundance  (usually  in  spring  and  summer)  would  have  the 
greatest  impact  on  population. 

Less  severe  water  level  fluctuation  in  the  Hanford  slough  areas  accounted  for 
greater  egg  hatch  and  fry  survival  (Montgomery  et  al). 

Bell  (1971)  and  other  authors  (Smetanich  1961,  Berval'd  1970)  suggest  the 
possibility  of  constructing  sills  and  protective  diking  around  sloughs  and 
embayments  to  stabilize  water  levels  and  temperature  for  protection  and  enhance- 
ment of  fish  reproduction  and  rearing. 

IT  IS  RECOMMENDED  THAT  ARTIFICIAL  WARM  WATER  FISH  HABITAT,  SUCH  AS  REEFS,  CRAVEL 
BLANKETS,  BRUSH  PILES,  AND  OTHER  APPROPRIATE  MEASURES  BE  CONSTRUCTED  IN  THE 
VICINITY  OF  THE  OKANOGAN  RIVER  IN  WELLS  RESERVOIR.    (1.8.19) 
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Documentation 

Wells  Reservoir  has  a  diverse  but  seemingly  limited  population  of  warm  water 
game  fish.  Walleye,  largemouth  bass,  smallmouth  bass,  crappie,  and  perch  are 
present.  Perusal  of  literature  suggests  that  experimenting  to  develop  several 
limited  but  definite  areas  of  improved  habitat  is  well  worth  trying.  Habitat 
design  should  attempt  to  satisfy  as  many  life  history  needs  as  possible.  Habitat 
characteristics  to  consider  are:  where  do  they  spawn,  what  is  the  bottom  substrate, 
is  cover  required,  how  deep;  what  are  escape  or  protection  requirements,  do  they 
prefer  deep  or  shallow  areas. 

In  Utah,  largemouth  bass  spawned  on  gravel  or  rocky  bottoms,  in  1.5  to  27 
feet  of  water,  adjacent  to  cover  such  as  islands  or  reefs.  Crappie  also  readily 
use  such  habitat  iov   spawniug  (fllllor  and  KranuT  1970).    Wallcyi-  [n  Oklahoma  and 
Washington  frequent  gravelly  or  rocky  areas  in  shallow  water  tor  spawning  and 
other  activities  (Grinstead  1970,  Fielder  1977).  Smallmouth  bass  in  Washington 
often  use  gravel  bottom  sloughs  for  spawning  (Eldred,  personal  observation). 
Perch  will  use  inundated  or  submerged  brush  piles  for  spawning  (Beckman  and  Elrod 
1970).  These  various  spawning  habitat  characteristics  also  satisfy  rearing  and 
survival  habitat  requirements  lor  food,  protection,  and  s[)ai.-o. 

This  recommendation's  Intent  is  to  develop  multi-purpose  habitat.  If  such 
habitat  improvement  is  successful  on  a  limited  basis,  the  concept  could  be  applied 
more  widely. 

IT  IS  RECOMMENDED  THAT  SLOUGHS  AND/OR  EMBAYMENTS  BE  CONSTRUCTED  IN  PRIEST  RAPIDS 
RESERVOIR  TO  ENHANCE  SMALLMOUTH  BASS  SPAWNING  AND  REARING  HABITAT.    (1.8.20) 

Oocumenlat  ioii 

It  is  desirable  to  try  to  increase  spawning  habitat  for  certain  warm  water 
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game  fish  in  Mid  Columbia  River  reservoirs.  Smallmouth  bass  have  been  present  in 
undetermined  numbers  in  Priest  Rapids  reservoir  since  the  raid  1960s.  But  the 
population  does  not  appear  to  have  expanded  to  occupy  habitat  throughout  the 
reservoir.  It  appears  to  be  limited  to  certain  locations  in  this  reservoir. 

Smallmouth  are  found  in  the  Buck  Shot  Ranch  area  of  Priest  Rapids  reservoir. 
Several  embayments  or  sloughs  were  created  at  the  Buck  Shot  site  when  the  reser- 
voir was  created.  Bass  use  these  sheltered  sloughs  for  spawning  and  fry  rearing. 
These  sloughs  have  gravel  and  mixed  gravel  bottoms,  with  grass  and  other  aquatic 
plants  growing  from  the  bottom.  Slough  depth  and  cover  are  sufficient  to  protect 
bass  nests  and  fry  from  dewatering  by  reservoir  fluctuation.  Because  of  relative 
shallow  depth,  it  is  not  known  to  what  degree  nests  may  be  disrupted  by  wave 
turbulence.  And  it  Is  uncertain  as  to  the  sufficiency  of  escape  cover  for  fry. 

Literature  clearly  indicate  that  sloughs  or  embayments  of  sufficient  depth 
(minimum  of  5  feet  at  all  times),  with  a  gravel  or  mixed  gravel  bottom,  offering 
protective  cover  for  spawning  adults  and  fry  are  common  ingredients  of  good 
reproductive  habitat  for  the  species  of  warm  water  game  fish  which  populate  the 
Mid  Columbia  reservoirs  (Zook  1980,  Beckman  and  Elrod  1970,  Montgomery  et  al  1980, 
Grinstead  1970,  Fielder  1977,  Miller  and  Kramer  1970,  Eldred-personal  observation), 
If  spawning  habitat  is  a  limiting  factor,  and  if  wider  distribution  of  bass  and 
other  game  fish  is  desired,  then  suitable  additional  spawning  habitat  should  be 
created.  That  is  what  this  recommendation  proposes. 

TO  ENHANCE  AND  MANAGE  A  SIGNIFICANT  FISHERY  IN  MID  COLUMBIA  RIVER  RESERVOIRS,  THE 
RELATIONSHIP  BETWEEN  RESERVOIR  OPERATIONS  AND  FISH  SURVIVAL,  REPRODUCTIVE  SUCCESS, 
AND  PRODUCTION  MUST  BE  DELINEATED.  IT  IS  RECO^^MENDED  THAT  STUDIES  BE  INITIATED  TO: 
1)  ASSESS  THE  EXISTING  HABITAT  SUITABILITY  FOR  SPAWNING,  REARING,  FOOD,  AND  COVER 
REQUIREMENTS  AND  HYDROLOGICAL,  LIMNOLOGI CAL.  AND  WATF.R  QUALITY  CONDITIONS  FOR 
SPECIES  NOW  PRESENT  AND  THOSE  BEING  CONSIDERED  FOR  POSSIBLE  INTRODUCTION;  AND  2) 
DETERMINE  THE  MOST  FEASIBLE  METHODS  TO  IMPROVE  HABITAT  SUITABILITY  OR  INCREASE 
HABITAT  AVAILABILITY  FOR  DESIRABLE  SPECIES  CONSIDERING  PARTICULAR  SPECIES  NEEDS. 
PROJECT  OPERATIONS,  COST  AND  OTHER  CONSTRAINTS.    (1.2.14) 
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SPECIFIC  STUDY  OBJECTIVES  ARE: 

1.  DETERMINE  IF  FOOD  PRODUCTION  IS  ADEQUATE  TO  INSURE  SUFFICIENT  SURVIVAL  AND 
GROWTH  OF  GAME  FISH  IN  THE  MID  COLUMBIA  RIVER  RESERVOIRS  AND  (IF  NECESSARY), 
INVESTIGATE  METHODS  TO  IMPROVE.  METHODS  TO  INCREASE  FOOD  PRODUCTION  MAY  INCLUDE 
STABILIZING  WATER  LEVELS  TO  ENCOURAGE  ESTABLISHMENT  OF  A  LITTORAL  ZONE,  PROVIDING 
ARTIFICIAL  SUBSTRATE  TO  INCREASE  FOOD  PRODUCTION,  OR  OTHER  WAYS. 

2.  IDENTIFY  AREAS  AND  DETERMINE  WATER  LEVELS  NECESSARY  TO  PROVIDE  SPAWNING  AND 
REARING  HABITAT  FOR  GAME  SPECIES.  A  SURVEY  SHOULD  BE  DONE  TO  COMPARE  SHORELINE 
TOPOGRAPHY,  WAXER  LEVEL  FLUCTUATIONS,  AND  POTENTIAL  LITTORAL  DEVELOPMENT. 

3.  DELINEATE  IMPORTANT  RESERVOIR  AND  TRIBUTARY  SPAWNING  HABITATS  AND  IMPLEMENT 
(IF  APPROPRIATE)  MEASURES  TO  ENHANCE  GAME  FISH  REPRODUCTIVE  SUCCESS  IN  MID 
COLUMBIA  RIVER  RESERVOIRS. 

4.  DETERMINE  IF  WATER  QUALITY  IN  MID  COLUMBIA  RIVER  RESERVOIRS  IS  ADEQUATE  FOR 
SURVIVAL,  GROWTH,  AND  REPRODUCTION  OF  DESIRABLE  FISH  SPECIES. 


Documentation 

Resident  fish  populations  in  the  Mid  Columbia  River  reservoirs  potentially 
offer  a  large  recreational  outlet.  These  hydroelectric  reservoirs  possess  good 
possibilities  for  resident  fish  management,  but  only  if  we  know  something  about 
these  reservoirs,  their  fish,  and  the  fish  can  be  utilized  by  the  fishing  public. 
Present  information  on  resident  fish  in  the  Mid  Columbia  is  minimal,  sporadic, 
and  lacks  continuity.  The  first  step  should  be  to  see  what  we  have,  how  much, 
and  where  it  is. 

Little  detailed  and  area  specific  life  history  information  exists  on  resident 
game  fish  in  the  Mid  Columbia  River  reservoirs.  After  learning  "what,  how  much, 
and  where"  about  the  resident  fish,  we  need  to  know  why  it's  there,  what  it's 
doing  there,  and  what  are  the  factors  limiting  it.  Answers  to  these  questions 
lead  toward  resident  I  ish  management  alternatives. 

Modification  ol  the  Miil  CDlumbia  I  roin  rivi^r  to  reservolr.s  mav  hijvc  rifatod 
niches  for  new  fish  species  (Erickson  et  al  1976).  Habitat  criteria  and  limiting 
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factors  for  potential  introductions  need  study;  the  suitability  of  the  Mid  Columbia 
for  survival  and  growth  of  these  potential  new  populations  also  needs  examination. 
The  positive  and  negative  aspects  of  possible  introductions  into  the  reservoir 
system  requires  close  scrutiny  (Jester  1971). 

BANKS  LAKE 

Description 

Geography  and  Hydrology 

Banks  Lake  is  an  impoundment  in  eastern  Washington.  It  is  29  miles  long  and 
is  contained  between  two  earthfill  dams  in  the  upper  Grand  Coulee,  an  Ice  Age 
channel  of  the  Columbia  River. 

The  high  pool  surface  area  of  Banks  Lake  is  27,000  acreas.  Water  is  released 
at  the  south  end  to  irrigate  500,000  acres  of  farmland  in  the  USBR  Columbia  Basin 
Project.  The  maximum  rate  of  irrigation  release  is  9,900  cfs.  Two  new  hydro 
power  plants  on  the  outlet  Main  Canal  will  be  under  construction  in  the  near 
future.  USBR  will  begin  operating  a  hydro  pump-generating  power  plant  at  the  north 
end  inlet  soon. 

Precipitation  averages  11  inches  annually,  mainly  as  snow.  An  ice  cover, 
usually  remaining  1-3  months,  develops  on  this  lake  in  severe  winters. 

Fisheries 

Banks   Lake   has  a  diverse   fish  community.    The   origin  of   many  of    these   fish 
stocks    is    Kr.inkliii    I).    Koohii'Vi- 1  I     l.aki-,    I  i  om   wlilrli    the    fish   w<t«-    |uiini><-il    inlo    K.inks 
Lake. 

Kokanee   is   the  most   important   game   fish   in   Banks    Lake.    Perch   fishing   is  an 
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important  winter  recreation.  Other  game  fish  in  Banks  Lake  are  rainbow  trout,  lake 
whitefish,  largemouth  bass,  walleye,  and  crappie. 

Banks  Lake  has  the  premier  kokanee  fishery  in  the  State  of  Washington,  perhaps 
1      in  the  Northwest.  These  fish  are  landlocked  sockeye  salmon,  but  are  as  bright  and 
vigorous  as  salmon  rearing  in  the  sea.  Banks  Lake  kokanee  are  significantly  larger 
than  those  in  many  other  waters.  The  bulk  of  those  caught  by  fishermen  are  12  to 
20  inches  in  length  and  weigh  1  to  3  pounds.  The  Banks  Lake  kokanee  fishery  has 
greatly  Increased  in  popularity  over  the  past  15  years.  In  1965,  29,000  angler-days 
were  spent  in  fishing  for  Banks  Lake  kokanee  (Spence  1965).  The  fishery  has  increased 
over  time;  92,000  angler-days  in  1972  (Duff  1972),  78,000  in  1976  (Stober  1977),  and 
approximately  80,000  in  1980.  This  fishery  contribution  to  the  annual  State  economy 
has  grown  (  roin  $72,^)00  in  196'')  to  about  $"5  million  in  1980. 

Recreation 

Banks  Lake  is  one  of  the  finest  recreation  waters  in  the  State  of  Washington. 
Average  annual  fishing  usage  is  approximately  70,000-80,000  angler-days.  Annual 
total  participant  expenditures  have  increased  from  about  $3  million  to  about 
$5  million  in  the  last  5  years.  The  area  is  also  important  for  its  good  hunting 
and  non-consumptive  recreation  values. 

Management  Goals  and  Objectives 

Goal:    To  increase  overall  angling  opportunity  while  maintaining  or  increasing 

wild  game  fish  populations. 
Objectives;  I.  Maintain  or  increase  kokanee  sport  fishery  annual  liarvest  at  70,000 
fish  or  more  of  an  average  size  of  13  inches  in  length  or  greater. 
2.  Increase  angler  opportunity  and  species  diversity. 
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a.  Annual  rainbow  trout  plants  of  150,000  fish. 

b.  Introduce  lake  trout  and  smallmouth  bass. 

3.  Increase  utilization  of  lake  whlteflsh. 

4.  Increase  perch,  walleye,  and  burbot  production. 

Recommendations  to  Protect,  Mitigate,  and 
Enhance  Resident  Fishery  Resources 

IT  IS  RECOMMENDED  THAT  A  BARRIER  NET  BE  PROVIDED,  OPERATED,  AND  MAINTAINED  AT  THE 
OUTLET  INTO  THE  MAIN  CANAL  AT  BANKS  LAKE.  THIS  WILL  PREVENT  THE  OUTMIGRATION  OF 
KOKANEE,  CONSERVE  THEIR  SPAWNING  POPULATION,  AND  INCREASE  THE  NUMBER  OF  FISH 
AVAILABLE  FOR  SPORT  HARVEST.    (2.1) 

Documentation 

Kokanee  have  a  definite  inclination  to  miRrate  out  of  a  lake  or  reservoir  if 
possible.  Banks  Lake  kokanee  are  no  exception,  in  the  course  of  studying  the  aquatic 
ecology  of  Banks  Lake,  Stober  (1979a)  estimated  about  60  %  of  each  year's  mature 
kokanee  population  left  Banks  Lake  via  the  main  irrigation  canal.  Various  means 
were  considered  to  reduce  this  outmigration.  It  was  decided  to  try  an  experimental 
barrier  net,  rather  than  other  alternatives  which  were  either  much  more  costly  or 
would  hinder  irrigation  water  outflow. 

To  determine  the  effectiveness  of  the  barrier  net,  Stober  studied  the  extent 
of  outmigration  for  four  years.  Two  years  without  the  net  were  compared  to  two 
years  with  the  net  in  place.  Without  the  net,  60  %  of  the  adult  kokanee  left 
Banks  Lake.  With  the  barrier  net,  loss  through  migration  was  reduced  to  25  %  the 
first  year,  and  4  $  tlio  next. The  barrier  net  has  shown  to  be  a  practical  and 
economical  way  of  reducing  tlio  outmigration  ol  fish  I rom  Hanks  Lake.  As  outmigra- 
tion is  reduced,  kokanee  reproduction  and  harvest  are  sustaineii  at  desirable 
levels. 
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But  now  a  significant  new  factor  has  been  added.  Two  proposed  hydro  projects 
on  the  outlet  canal  of  Banks  Lake  have  been  licensed  by  FRRC.  All  fish  leaving 
Banks  Lake  will  pass  through  the  hydro  plants.  An  undetermined  amount  of  loss  will 
occur  from  this  passage.  Bell  (1980)  estimated  fish  loss  from  passing  through 
generating  units  at  each  plant  would  be  in  the  range  of  9  to  13  %,  for  fish  up 
to  8  inches  in  length.  A  literature  review  did  not  reveal  survival  data  for  fish  of 
such  large  size.  A  tentative  estimate,  based  on  professional  experience,  is  that 
survival  would  not  exceed  75  %  at  each  plant.  Prior  to  the  barrier  net  experiment, 
fish  leaving  Banks  Lake  have  provided  a  popular  fishery  downstream.  Now,  after 
passing  through  two  hydro  power  plants,  the  downstream  fishery  would  be  reduced 
40  to  50  %,  at  a  minimum.  The  Banks  Lake  fishery  would  be  in  jeopardy  of  unaccept- 
able levels  of  reproduction  and  harvest  without  the  previous  compensating  benefit 
of  a  concurrent  ^ood  kokanet'  lislu-ry  downstream. 

To  preserve  the  Banks  Lake  fishery,  a  barrier  net  should  be  installed  and 
maintained  as  a  permanent  feature  at  the  outlet  to  the  main  irrigation  canal. 

THE  SURFACE  ELEVATION  OF  BANKS  LAKE  SHOULD  BE  REGULATED  FOR  HYDRO-GENERATION  IN 
ACCORDANCE  WITH  THE  RULE  CURVES  DEVELOPED  BY  STOBER  ET  AL  (1977)  TO  PROTECT 
KOKANEE  REPRODUCTION  (RESERVOIR  DISCHARGE  SHOULD  NOT  BE  REGULATED  FOR  NEW  AND 
FUTURE  HYDRO-GENERATION  AT  THE  EXPENSE  OF  FISHERY  NEEDS).   (1.2.13) 

Documentat  ion 

The  magnitude  and  timing  of  drawdown  of  Banks  Lake  can  impose  a  significant 
impact  on  the  survival  of  kokanee  eggs  and  fry.  Small  adult  kokanee  populations 
occurred  in  1976  and  1977  which  were  direct  results  of  extreme  drawdowns  of  24 
and  25  feot  in  1973  .uui  1974  (StobtT  et  ,il  1979a).  Small  calclu-s  of  kokani-t-  wi-n- 
reported  diirinj',  I  In-  Mimrnci  dI  19/6  as  well  .f.  a  c.iimIIv  r  <mIiii  >iI  nil  i  a  I  iiiihjiI  ol 
kokanee  into  the  main  irrigation  canal.  ThLs  oiitmi>;rat  ion  of  kokanee  is  an  index 
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of  overall  population  size.  The  outmigratlon  declined  from  128,000  in  1975  to  50,000 
in  1976.  Drastically  reduced  kokanee  spawning  populations  were  noted.  In  1975, 
there  were  7,500  spawners,  which  is  about  normal.  The  1976  spawning  population 
was  only  150  (Stober  ot  al  1977). 

St  oil.  1  studied  t  br  t-tri'cL.s  of  tbcsi-  drawdowns  on  ♦•(  (  .unl  fry  survival  during 
197/,  19/8,  and  1979.  Fry  emergence  was  found  to  occur  botwefu  April  1  and  June  10 
during  these  years.  Primary  spawning  occurred  at  a  range  of  5  to  15  feet.  This 
corresponds  to  elevations  of  1565  to  1555  feet  above  mean  sea  level  (normal  full 
reservoir  is  1570  feet).  Secondary  spawning  occurred  down  to  22  feet  (1548  feet 
above  msl),  but  only  with  larger  than  normal  spawning  populations  of  kokanee. 
Drawdown  limits  (rule  curves),  which  safeguard  eggs  and  fry,  were  developed  from 
this  datia  by  Stober.  The  timing  of  the  rule  curves  is  temperature  dependent.  The 
rule  curves  can  be  utilized  to  manage  the  rate  and  level  of  drawdown  each  year  to 
allow  75  percent  of  the  eggs  and  fry  to  survive  and  emerge  from  the  gravel, 
provided  the  timing  of  emergence  is  known.  The  rule  curves  can  be  utilized  to 
regulate  water  elevations  to  protect  natural  kokanee  reproduction.  They  do  not 
represent  a  maior  departure  from  the  usual  operational  drawdown  of  the  reservoir 
for  irrigation.  However,  they  will  affect  proposed  hydro  power  generation.  USBR 
pump-generation  is  scheduled  to  commence  soon.  This  will  probably  cause  Banks  Lake 
to  fluctuate  between  1570  and  1563  feet  during  the  winter.  This  range  of  drafting 
has  the  potential  to  cause  the  loss  of  50  %  of  kokanee  eggs  and  fry.  Also,  two  new 
hydro  plants  on  the  main  canal  outlet,  would  benefit  from  lake  discharge  which 
exceeds  irrigation  needs.  This  also  has  adverse  potential  for  kokanee  reproduction. 
See  Figure  1,  page  21. 
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Mid  Columbia  River — Hanford  Reach 

Description 

Geography  and  Hydrology 

The  Hanford  Reach  of  the  Mid  Columbia  River  is  the  last  sizeable  free-flowing 
portion  of  the  Columbia  River  above  the  estuary.  At  the  lower  fnd  is  Richland, 
the  headwater  of  McNary  Reservoir;  Priest  Rapids  Dam  is  at  the  upper  end.  Much 
of  the  main  channel  bottom  is  variously  large  cobbles  or  mixed  sand  and  gravel. 
In  some  areas  there  are  rock  outcropplngs  or  clay  formation.  The  banks  are 
alternately  cobbles,  sand  bars,  ancient  alluvial  fans,  sand  dunes,  or  steep  cliffs. 
Much  of  the  peripheral  land  slopes  gently  to  the  river.  Many  islands  occur  through 
this  reach,  some  as  bare  gravel  bars  and  others  supporting  che.itRrass ,  sagebrush, 
and  willows.  The  major  island  complex  is  at  RM  370,  the  I.ocke  Island  group. 

The  watershed  upstream  of  Hanford  covers  97,000  square  miles.  Mean  annual 
flow  is  120,000  cfs.  Extreme  record  flows  are  693,000  cfs  (1948)  and  4,100  cfs 
(1932).  Average  water  velocity  is  approximately  9  miles  per  hour.  Deeper  water 
away  from  the  bank  varies  from  5  feet  to  35  in  depth. 

Fisheries 

Smallmouth  bass,  mountain  whiteflsh,  rainbow  trout,  sturgeon,  and  channel 
catfish  are  the  most  important  resident  sport  fish.  Largemouth  bass,  perch,  crapple, 
blue  catfish,  and  flathead  catfish  are  caught  also.  Four  sloughs  are  collectively 
the  primary  smallmouth  bass  spawning  habitat  (Zook  1980).  Islands,  bars,  and 
backwaters  are  also  important  fish  habitat.  Montgomery  et  al  (1980)  state  that  the 
large  (6-10  feet)  1  rcquent  fluctuations  of  river  surface  an-  di-trimental  to  small- 
mouth bass  production;  and  that  these  fluctuations  are  the  result  of  hydropower 
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peaking  at  Priest  Rapids  Dam. 

Parenthetically,  the  Hanford  Reach  is  the  last  major  mainstem  Columbia  River 
spawning  area  of  steelhead  and  fall  chlnook. 

Rccjri'at^Jon 

Till'  natiirt-  i>l  the  Hanford  river  environment  t)t  I  ors  recreat  ioniats  a  unique 
outdoor  experience.  That  approximately  50  miles  of  a  major  river  have  escaped 
much  of  the  perturbation  that  many  other  areas  evidence  seems  amazing  to  many 
observers.  This  area  is  very  popular  with  fishermen,  hunters,  and  other  outdoor 
people.  A  recent  Washington  Department  of  Game  survey  over  one  year  found  that 
34,000  fishermen  caught  35,000  steelhead,  resident  trout,  whitefish,  bass,  walleye, 
catfish,  and  sturgeon.  Participants  contributed  $1.2  million  to  the  State  economy. 
In  addition,  27,000  people  fish  for  salmon.  This  area  is  so  popular  that  the 
Washington  Department  of  Game  has  shortened  the  fishing  season;  the  increasing 
human  presence  has  become  a  wildlife  disturbance  factor. 

Management  Goals  and  Objectives 

Goal:    To  increase  overall  angling  opportunity  while  maintaining  or  Increasing 

wild  game  fish  populations. 
Objectives:    1.  Maintain  population  of  mountain  whitefish  at  current  levels. 

2.  Maintain  wild  trout  population. 

3.  Maintain  or  increase  smallraouth  bass  population 

4.  Maintain  current  population  of  other  warm  water  game  fish  and 
determine  degree  of  compatibility  with  anadromous  salmonids. 
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Snake  River — Asotin  Project  Area 

Description 

Geography  and  Hydrology 

The  section  of  the  Snake  River  that  would  be  affected  by  the  construction 
of  Asotin  Dam  and  Reservoir  extends  upstream  from  the  town  of  Asotin,  Washington 
(RM  146)  26  miles  to  China  Gardens  darasite  (approximately  the  Washington-Oregon 
border).  The  Asotin  Project  area  of  the  Snake  River  has  a  mean  annual  stream  flow 
of  about  36,000  cfs  from  a  watershed  of  93,000  square  miles.  This  area  is  the 
last  free-flowing  portion  of  the  lower  Snake  River. 

This  section  lii's  in  the  Cr.ind  Canyon  of  tiie  Snake  River.  The  large,  swift 
stream  is  contained  by  arid  slopes  that  rise  5,000  feet  or  more  to  forested 
plateaus. 

Fisheries 


This  part  of  the  Snake  River  is  top  quality  habitat  for  the  following 
resident  game  fish:  smallmouth  bass,  channel  catfish,  white  sturgeon,  mountain 
wliltel  l.sti ,  rainbow  trout,  Jargemouth  bass,  and  crappLe.  All  art;  abundant,  except 
largemouth  bass  and  crappie,  which  are  not  swift  water  fish. 

Runs  of  steelhead  trout,  chinook  and  coho  salmon  also  use  the  Snake  River. 

Recreation 

An  estimated  annual  recreation  use  of  about  200,000  visitor-days  take  place 
in  the  area  of  the  proposed  Asotin  Dam  and  Reservoir.  Construction  of  Asotin  Dam 
would  eliminate  the  qualities  that  attract  outdoor  enthusiasts.  Fishing,  hunting, 
and  other  water-oriented  recreation  would  be  radically  downgraded. 
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Management  Goals  and  Objectives 

Goal :    To  increase  overall  angling  opportunity  while  maintaining  or  increasing 

wild  game  fish  populations. 
ohjci't  fvt's  :   In  dfvc  lopmcnt  . 

Wenatchee  River 


Description 

Geography  and  Hydrology 

The  Wenatchee  River  originates  as  outflow  from  Lake  Wenatchee  in  the  Cascade 
Mountains.  It  flows  54  miles  to  enter  the  Mid  Columbia  River  at  the  city  of 
Wenatchee.  Major  tributaries  include  Mission  Creek,  Peshastin  Creek,  Chumstick 
Creek,  Icicle  Creek,  Chiwaukum  Creek,  Chiwawa  River,  and  Nason  Creek. 

The  Wenatchee  River  Basin  covers  1,300  square  miles.  Mean  annual  flow  is  about 
3,100  cfs.  The  Wenatchee  is  a  snowmelt  stream  with  most  of  its  yield  occurring  in 
the  spring. 

Chelan  County  PUD  has  proposed  rehabilitat lnj»  two  decommissioned  small  hydro 
projects  on  the  Wenatchee,  one  at  the  town  of  Dryden  and  the  other  in  Tumwater 
Canyon. 

Fisheries 

Mountain  whitefish,  rainbow  trout,  and  Dolly  Varden  are  the  principal  resident 
game  fish.  Washington  Department  of  Game  has  introduced  brown  trout  in  the  hope 
this  dpecies  will  become  established  and  self-sustaining.  Dept.  of  Game  plants 
approximately  60,000  rainbow  trout  in  the  Wenatchee  River  system  each  year.  This 
program  provides  an  extremely  popular  fishery,  amounting  to  about  25,000  angler- 
days  annually. 
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The  river  provides  spawning  and  rearing  habitat  for  not  only  resident  game 
fish  but  several  anadromous  species  as  well.  The  US  Fish  and  Wildlife  Service 
Leavenworth  National  Fish  Hatchery  is  primarily  committed  to  spring  chlnook 
propagation.  And  the  Wenatchee  River  system  contributes  about  40  %   of  the 
Ddlumbhi  Kivcr's  sockcvf  s;ilr.ion  i)roduction. 

Recreation 

The  Wenatchee  Basin  provides  a  wide  variety  of  outdoor  recreation  opportuni- 
ties. Fishermen,  hunters,  and  other  wildlife  enthusiasts  have  streams  and  lakes, 
arid  sagebrush  slopes  and  forested  mountains,  developed  campgrounds  and  wilderness 
area  for  leisure  pursuits.   The  US  Forest  Service  reports  228,000  visitor-days 
in  the  Tumwater  and  Icicle  campgrounds  in  1981.  Lake  Wenatchee  State  Park  had 
231,000  visitors  during  the  1981  summer  season.  Fishing  for  resident  game  fish 
accounted  for  40,000  angler-days. 

Management  Goals  and  Objectives 

Goal :   To  Increase  overall  angling  opportunity  through  stocking  of  hatchery  origin 

trout,  while  maintaining  or  increasing  wild  populations. 
Objectives ;   In  development. 

Methow  River 

Description 

Geography  and  Hydrology 

The  Methow  River  rises  in  the  east  slope  of  the  Cascade  Range  and  flows  south 
and  east  for  83  miles  to  join  the  Mid  Columbia  River  at  the  town  of  Pateros.  Major 
tributaries  are  Gold  Creek,  Beaver  Creek,  Twlsp  River,  Chewack  River,  Early  Winters 
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Creek,  and  Lost  River.  The  Methow  River  Basin  takes  In  an  nrta  of  I,tiOO  square 
miles.  The  mean  annual  flow  of  the  Methow  River  is  1,555  cfs. 

The  National  Hydroelectric  Power  Study  performed  by  the  US  Army  Corps  of 
Engineers  identified  5  potential  hydropower  sites  in  the  Methow  system. 

Fisheries 

The  Methow  River  could  be  described  as  a  classic  trout  stream.  Rainbow  and 
cutthroat  trout,  brook  trout,  mountain  whitefish,  and  Dolly  Varden  inhabit  this 
system.  Wash.  Dept.  of  Game  plants  about  30,000  rainbow  trout  each  year  in  the 
Methow  River.  The  trout  provide  the  bulk  of  the  catch  in  summer,  and  whitefish 
offer  a  popular  winter  fishery. 

In  1915  a  dam  was  constructed  near  Pateros,  which  prevented  anadroraous  flsli 
from  returning  upstream.  Ti  was  removed  in  1930  hut  rhc  runs  had  difficulty 
recovering  naturally.  Various  attempts  to  reestablish  anadromous  fish  have  been 
made  by  state  and  federal  agencies.  The  US  Fish  and  Wildlife  Service  reported  a 
run  of  2,800  adult  chinook  in  1967.  The  annual  steelhead  sport  catch  ranges  from 
1,000  to  2,000.  The  majority  of  these  are  returns  from  Wash.  Dept.  of  Game 
hatchery  production. 

Recreation 

Information  about  outdoor  recreation  is  limited.  The  combined  Methow  River 
and  Okanogan  River  basins  provide  about  400,000  user-days  of  consumptive  and 
non-consumptive  recreation  related  to  fish  and  wildlife  each  year.  This  equates 
to  participant  expenditures  totalling  about  $15  million  annually. 

Management  Goals  and  Objectives 

Goal ;  wTo  increase  overall  angling  opportunity  th^^ough  stocking  of  hatchery  origin 
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trout,  while  maintaining  or  increasing  wild  populations. 
Objectives;   In  development . 

Simllkameen  River 

Dc'srr Ipt  ion 

Geography  and  Hydrology 

The  Similkameen  River  originates  in  Washington,  flows  north  into  Canada, 
and  later  recrosses  the  international  boundary  about  129  miles  from  its  source. 
It  continues  another  27  miles  to  empty  into  the  Okanogan  River  near  the  town  of 
Oroville.  Major  tributaries  are  Sinlahekln  Creek,  Toats  Coulee  Creek,  and  Palmer 
Creek.  The  watershed  of  the  Similkameen  River  covers  approximately  3,000  square 
miles  in  Canada  and  about  400  square  miles  in  Washington.  Mean  annual  flow  is 
770  cfs  as  measured  at  the  USGS  gaging  station  near  the  lower  crossing  of  the 
Canadian  border. 

Four  potential  hydro  sites  were  identified  by  the  Corps  of  Engineers  National 
Hydroelectric  Power  Study.  Okanogan  County  PUD  has  applied  to  FERC  for  a  license 
to  restore  and  operate  the  decommissioned  Enloe  Dam  hydro  facility. 

Fisheries 

This  river  offers  superior  salmonid  habitat,  both  for  resident  species  and 
anadromous.  Trout  species  include  rainbow,  brook,  cutthroat,  and  brown.  Mountain 
whitefish  are  also  present.  Wash.  Dept.  of  Game  has  planted  10,000  rainbow  trout 
annually.  The  trout  provide  summer  fishing  and  whitefish  offer  winter  angling. 

In  1977  approximately  1,100  summer  chinook  salmon  returned  to  spawn  in  the 
lower  Similkameen  River  below  Enloe  Dam.  Anadromous  fish  can  not  move  upstream 
past  Enloe  Dam  for  lack  of  a  fish  ladder.  Present  anadromous  fish  runs  are 
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significantly  lower  than  previous  levels.  The  State  of  Washington,  in  cooperation 
with  USER,  is  planning  to  establish  steelhead  and  chinook  in  the  Similkaraeen  system, 
with  passage  facilities  at  Enloe  Dam. 

Recreation 

111  (oinhiii.il  ion  \,/illi  I  In-  Met  liow  Klvfi'  I1;imIii,  Ilii-  <  )kai)(>.t>,.'iii  KivM.T  li.i.slu  (of  which 
the  Similkameen  River  is  part)  shares  an  annual  400,000  user-days  of  fish  and 
wi Idlife-related  recreation.  Total  participant  expenditures  amount  to  approximately 
$15  million  yearly. 

Management  Goals  and  Objectives 

Goal :    To  increase  overall  angling  opportunity  through  stocking  of  hatchery  origin 

trout,  while  maintaining  or  increasing  wild  populations. 
Objectives :    In  development. 

Recommendations  to  Protect,  Mitigate,  and 
Enhance  Resident  Fishery  Resources 

IT  IS  RECOMMENDED  THAT  RESIDENT  GAME  FISH  POPULATIONS  AND  HABITAT  BE  PROTECTED  BY 
THE  PROHIBITION  OF  CONSTRUCTING  NEW  HYDROELECTRIC  PROJECTS,  OR  THE  RESTORATION  OF 
DECOMMISSIONED  OR  ABANDONED  ONES  ON  THE  FOLLOWING  STREAMS:  MID  COLUMBIA  RIVER— 
HANFORD  REACH;  SNAKE  RIVER— ASOTIN  PROJECT  AREA;  WENATCHEE  RIVER;  METHOW  RIVER; 
AND  SIMILKAMEEN  RIVER.    (1.9.7) 

Documentation 

Resident  game  fish  are  clearly  the  most  popular  part  of  Washington's 
freshwater  fisheries.  Among  fishermen  licensed  by  the  Wash.  Dept.  of  Game,  90  % 
fish  for  resident  game  fish. 

All  wildlife,  fish  as  well  as  game,  are  dependent  on  habitat.  Their  diversity 
and  abundance  is  directly  related  to  the  quality  and  quantity  of  these  habitats. 
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When  habitat  is  altered  or  destroyed,  fish  or  wildlife  decline  or  disappear,  and 
dther  species  occupy  the  new  niches.  People  are  subject  to  the  same  dynamics. 
Experienced  fishermen  usually  make  a  respectable  catch  when  on  a  live  stream  or 
lake  of  small  to  medium  size.  Even  the  inexperienced  usually  catch  a  fish  or  two. 
Wlien  stroams  an-  ch.iiu-.i'd  Lo  larv.c,  dei'p  rt'scrvoirs,  i?xperienced  fisliermt'n  usually 
have  difficulty  and  must  learn  new  techniques.  Inexperienced  fishermen  go  elsewhere 
or  take  up  other  pursuits.  When  habitats  are  changed,  it's  usually  because  one 
resource  has  been  developed  at  the  expense  of  another. 

On  the  Mid  Columbia  River,  much  of  the  original  river  habitat  and  fish 
have  disappeared  because  of  hydroelectric  development  projects.  Seven  dams  have 
transformed  350  river  miles  into  132,000  reservoir  acres.  Only  57  miles  of 
free-flowing  river  remain  (the  Hanford  Reach).  Even  these  are  affected  by  dams 
at  either  end.  Rough  fish  species  dominate  the  reservoirs  because  they  are  better 
suited  to  the  changed  habitat.  Native  river  fish  are  confined  to  the  Hanford 
Reach  or  tlie  tailwaters  of  dams. 

On  the  Snake  River,  the  Asotin  Project  area  is  all  that  remains  of  the 
native  river;  30  miles  is  all  that  remains  between  Wyoming  and  Pasco. 

Of  all  the  electric  energy  produced  in  the  Pacific  Northwest,  more  than 
50  %  is  generated  in  the  State  of  Washington.  Apparently  Washington's  citizens 
enjoy  (or  suffer,  depending  on  one's  point  of  view)  more  electric  energy  devel- 
opment than  people  of  other  Northwest  states.  Because  of  the  great  rush  to 
develop  previously  by-passed  hydro  sites,  it  is  wise  to  also  identify  resources 
which  should  not  be  developed. 

The  five  streams  which  are  recommended  for  preservation  as  they  now  exist 
have  important  fisheries  and/or  enhancement  potential.  These  waters  should  be 
protected.  They  do  not  constitute  a  total  protection  list,  but  they  do  command 
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top  priority. 

Yakima  River  Basin 

Basin  Description 

Geography  and  Hydrology 

The  Yakima  River  is  located  in  southcentral  Washington  and  enters  the 
Columbia  River  at  RM  335  near  Richland.  The  Yakima  River  is  216  miles  long. 
The  Yakima  River  drains  6,900  square  miles.  Annual  precipitation  ranges  from 
10-140  inches,  much  of  it  occuring  as  snow.  Average  annual  runoff  for  the  basin 
is  about  3-4  million  acre-feet. 

There  are  5  large,  mountain  irrigation  storage  reservoirs,  8  diversion  dams, 
two  existing  power  plants,  and  approximately  500,000  acres  under  irrigation  In 
the  Yakima  Basin.  About  12  additional  small  hydro  plants  have  been  proposed. 
The  majority  would  retro  fit  generating  units  into  existing  dams.  One  sizeable 
hydrogeneration  reservoir  has  been  proposed.  All  have  the  potential  to  affect 
stream  flows. 

Fisheries 

The  reservoirs  contain  mountain  whitefish,  kokanee,  rainbow  and  cutthroat 
trout,  Dolly  Varden,  lake  trout,  brook  trout,  and  burbot  (ling). 

The  rivers  offer  rainbow,  cutthroat,  and  brown  trout,  Dolly  Varden,  brook 
trout,  mountain  whitefish,  bluegill,  smallmouth  and  largemouth  bass,  crappie, 
perch,  and  channel  c-atrish. 

Fluctuating  (rej'.uiated)  flows,  high  water  temperature,  seiliments  troin 
agriculture,  pesticides,  and  bacteria  all  present  problems  for  fish. 
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Recreation 

The  Yakima  Basin's  recreational  resources  accommodate  3.5-4.0  million 
iKser-davs  of  water-related  recreation  annually.  Participants  come  from  a  wide 
area  to  use  tlit  natural  resourci-s ;  niouiiLain  terrain,  forested  areas,  numerous 
l>(idii's  lO  watrr,  iiii!  ,in  .ibunil.ni.i'  oi  li.ih  and  wiiillilr.  I'.iil  ii-i|->.uU  ri-rrcation 
expenditures  tor  tiic  basin  were  estimated  to  be  $.9  million  in  1969.  Today  this  has 
increased  to  about  $8-9  million  annually. 

Management  Goals  and  Objectives 

Goal :   To  maintain  or  increase,  wherever  feasible,  sustainable  wild  populations 
while  increasing  angling  opportunities  through  selective  stocking  of 
liatchery  origin  fish. 

Objectives:   In  development. 

Recommendations  to  Protect,  Mitigate,  and 
Enhance  Resident  Fishery  Resources 

IT  IS  RECOMMENDED  THAT  THE  AUTHORIZED  ENLARGED  BUMPING  RESERVOIR  PROJECT  BE 
CONSTRUGTKI)  TO  PROVIDI'.  MAJOK  ADDITIONAL  STORAGE  FOR  MITIGATING  THE  DEGRADATION 
OF  FISH  STREAM  HABITAT,  INCREASED  FLEXIBILITY  IN  YAKIMA  RIVER  BASIN  WATER 
MANAGEMENT,  AND  DEVELOP  ADDITIONAL  HYDRO-GENERATION  (RESERVOIR  DISCHARGE  SHOULD 
NOT  BE  REGULATED  FOR  NEW  AND  FUTURE  HYDRO-GENERATION  AT  THE  EXPENSE  OF  FISHERY 
NEEDS.    (1.8.17) 

Documentat  ion 

The  implementation  of  the  .juthorized  Bumping  Lake  Enlargement  Project  would 
provide  324,000  acre-feet  of  new  storage  to  enhance  and  protect  stream  flows  for 
resident  and  andromous  fish.  The  additional  storage,  already  authorized  for  fish 
needs  in  the  Yakima  Hiver  Basin,  would  approximately  meet  the  minimum  requirements 
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shown  in  1.1.6  (Recommended  Yrikima  River  Basin  Stream  Flows.  The  estimated  annual 
fishing  increase  of  92,000  angler-days  and  its  associated  value,  $1.46  million, 
attributed  to  the  Enlarged  Bumping  Reservoir  indicate  that  this  authorized  project 
would  sii;nif icantly  improve  Yakima  River  Basin  stream  flows.  This  gain  does  not 
inrliidc  uidfd  valup  from  propost-.d  hydro-generation  .-it  Bumpfn)'.  Rt-servolr.  Greatly 
iru  roasi'd  stora)',o  would  providt*  opportunity  I'ot  coiiiuifiisuriiti.'ly  increased  energy 
production.  There  would  be  no  conflict  with  fisheries,  provided  that  Enlarged 
Humping  discharge  is  managed  for  fishery  benefit  and  power  is  secondary. 

THE  FOLLOWING  RECOMMENDED  YAKIMA  RIVER  BASIN  STREAtI  FLOWS,  LARGELY  REGULATED  BY 
IISBR  RESERVOIR  DISCHARGE,  WOULD  BE  POSSIBLE  IN  LARGE  PART  WITH  1.8.17  (ENLARGED 
BUMPING  RESERVOIR)  AND  SHOULD  BE  STRIVED  FOR  (RESERVOIR  DISCHARGE  SHOULD  NOT  BE 
REGULATED  FOR  NEW  AND  FUTURE  HYDRO-GENERATION  AT  THE  EXPENSE  OF  FISHERY  NEEDS. 
(1.1.6) 

YAKIMA  RIVER  OPTIMUM  (CFS)     MINIMUM  (CFS) 

AT  MARTIN 
"  EASTON 
"CIE  ELUM 
"  UMTANUM 
"  POMONA 
"  YAKIMA 
"  PARKER 
"  PROSSKR 
"  KIONA 

KACHESS  RIVER 

AT  EASTON  90  30 

TEANAWAY  RIVER 

AT  FORKS  100  35 

CLE  ELUM  RIVER 

AT  ROSLYN  280  95 

BUMPING  RIVER  90  30 


iOO 

35 

285 

95 

625 

210 

730 

240 

730 

240 

1260 

420 

1355 

450 

1685 

560 

1680 

560 
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NACHKS  RIVER 

ABOVE  TIETON  RIVER  CONFL. 
BELOW  TIETON  RIVER  CONFL. 

TIETON  RIVER 

BELOW  RIMROCK  RES KR VOIR 
RKI.OW  niVKRSrON 


OPTIMir^  (CFS)     MINIMUM  (CFS) 


365 
530 


150 
170 


120 
180 


50 
55 


Documentation 

The  already  authorized  enlargement  of  Bumping  Reservoir  could  approximately 
provide  the  recommended  Yakima  River  Basin  stream  flows  shown  above.  Justifica- 
tion under  1.1.17,  Einlargement  of  Bumping  Reservoir,  should  be  reviewed. 

The  recommended  minimum  flows,  using  the  Montana  Method  (Tennant,  1976), 
are  equal  to  10  percent  ol  the  mean  annual  unregulated  flow.  Wesche  (1973)  found 
that  as  Instantaneous  flow  (as  a  percent  of  mean  annual  flow)  increased  above 
12.5  %,  the  available  habitat  for  fish  increased.  Mongillo  and  Faulconer 
determined  that  game  fish  populations  increased  as  stream  flows  increased. 
The  Montana  Method  flows  should  be  acceptable  for  both  resident  and  anadromous 
lisli. 

Using  the  Montana  Method  of  flow  evaluation,  Mongillo  and  Faulconer 
concluded  that  a  total  of  348,500  acro-feet  of  water  would  meet  these  needs. 
With  the  authorized  enlargement  of  Bumping  Reservoir,  an  additional  324,000 
acre-feet  of  water  will  be  available.  Through  a  comprehensive  management  program 
being  prepared  by  USBR,  the  deficit  could  be  made  up  and  provide  all  of  the  needed 
flow.  Annual  angling  in  the  Yakima  River  Basin  has  the  potential  to  increase  by 
92,000  angler-days.  The  potential  increase  in  annual  participant  expenditures 
is  approximately  $1.46  million  (Mongillo  and  Faulconer  1980). 
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RIMROCK  KlvSKRVOIK  SHOULD  NOT  BE  DRAWN  DOWN  BELOW  A  MfNIMU:!  POOL  OF  30,000  ACRE- 
KKET,  milCIl  IS  IN  ADDITION  TO  DEAD  STORAGE  (RESERVOIR  DISCHARGE  SHOULD  NOT  BE 
REGULATED  FOR  NEW  AND  FUTURE  HYDRO-GENERATION  AT  THE  EXPENSE  OF  FISHERY  NEEDS. 

(1.2.11) 


Documentation 

Rlmrock  Rosi-rvoir  is  on".-  of  V>/ashingtonVs  important  kokanee  waters.  Annual 
harvest  is  about  75,000-100,000  kokanee,  Irom  15,000-20,000  angler-days.  Severely 
reduced  water  volume  in  Rimrock  Reservoir  decreases  the  kokanee  sport  catch  for 
up  to  six  years.  Losses  in  sport  fishing  can  range  from  minor  (if  a  30,000  acre- 
foot  minimum  pool  is  maintained)  to  nearly  91,000  man-days  if  the  reservoir  is 
completely  drained.  Unusually  low  reservoir  levels  reduce  catch  rate,  even 
without  draining.  Fishery  losses  alone  are  valued  at  $700,000-$80O,00O  from  a 
single  draining. 

Rimrock  Reservoir  has  been  emptied  only  4  times  since  impoundment:  1926, 
1931,  1973,  and  1979.  From  draining  in  the  fall  of  1973  to  full  recovery  in 
the  summer  of  1979,  almost  6  years  passed  and  1.25  million  kokanee  fry  were 
planted  for  loss  roplacement . 

According  to  Mongillo  and  Faulconer  (1980),  when  the  reservoir  is  completely 
drained,  15,000  man-days  of  fishing  are  lost  in  the  following  year.  In  present 
value,  this  amount  of  angling  represents  $225,000  in  participant  expenditures. 
Average  annual  fishing  effort  and  catch  rate  increased  over  the  subsequent  6 
year  period  (1973-1979).  The  reservoir  was  drained  again  in  1979,  with  an 
estimated  loss  of  6  million  kokanee.  Mongillo  and  Faulconer  (1980)  believe  this 
represents  95-99  X  ol  the  entire  po|nilat ion  before  draining.  They  further  deter- 
mined  ttiat  reservoir  storage  ii/hich  retains  between  25,000  and  40,000  acre-feet 
is  needed  to  preserve  the  fishery.  The  greatest  rate  of  loss  occurs  below  25,000 
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acre-feet.  To  preserve  the  normal  catch  rate  (over  5  fish  per  person  per  day), 
Mongillo  and  Faulconer  recommend  a  minimum  reservoir  volume  of  30,000  acre-feet 
be  maintained,  in  addition  to  dead  storage.  This  is  15  percent  of  total  active 
storai^c  IJatn  from  tlie  Western  Reservoir  and  Stream  Habitat  Improvement  Handbook 
(Nelson  I'l  .il,  1978)  Imlliati's  est  iiiuil  <•':  in  this  ran^f  •'•re  r<M.si)nablf. 

Thi.-  pi\'h.ib  i  1  it '.  rliaL  ri-servolrs  may  be    rc't  ro-f  i  i  tiil  witli  v.'^T'f '^'  '"K  units 
Implies  the  potential  to  alter  normal  discharge  in  favor  of  maximum  supplementary 
hydro-generation.  Considering  the  dire  consequences  of  severe  reservoir  drafting 
(e.g.,  hydro-generation),  this  sort  of  occurrence  should  be  forestalled. 

KEECHELUS  RESERVOIR  SHOULD  NOT  BE  DRAWN  DOWN  BELOW  A  MINIMUM  POOL  OF  25,000  ACRE- 
FEET,  WHICH  IS  IN  ADDITION  TO  DEAD  STORAGE  (RESERVOIR  DISCHARGE  SHOULD  NOT  BE 
REC:UL/\TF0  FOR  NEW  AND  FUTURE  HYDRO-GENERATION  AT  THE  EXPENSE  OF  FISHERY  NEEDS). 

(1.2.12) 

Documentation 

Keechelus  Reservoir  is  one  of  Washington's  waters  with  a  population  of 
kokanee.  It  has  an  average-to-good  fishery.  Some  large  Dolly  Varden  are  also 
caught.  Mont'fllo  .ind  I'aiil  roncr  (1980)  b(»lievc  Keechelus  Reservoir  has  the 
recreational  fishing  potential  of  Rimrock  Reservoir  (75,000-kOO,000  fish 
harvest  annually).  But  a  minimum  pool  of  25,000  acre-feet  should  be  maintained 
to  ensure  a  normal  carry-over  kokanee  population  and  harvest  rate  (approximately 
5  fish  per  person  per  day)  (Mongillo,  personal  communication,  1980). 

In  addition  to  maintaining  a  minimum  pool  sufficient  for  fish  survival, 
low  water  levels  cause  difficulty  with  boat  launching.  Due  to  Keechelus  Reservoir's 
steep  banks,  the  majority  of  fishing  is  from  boats.  The  availability  of  its  3 
boat  ramps  is  essential  to  realize  maximum  fishing  usage.  Ln  an  average  year, 
boats  can't  be  launched  on  about  52  days  because  the  reservoir  drops  below  the 
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end  o£  launching  ramps.  This  52  day  loss  represents  25-JO  %  of  the  I isliing  season. 
These  ramps  can  become  exposed  anytime  between  July  and  January,  with  September 
and  October  beins  the  worst.  And  the  best  time  to  catch  kokanee  is  during 
September  and  October.  By  maintaining  enough  water  to  launch  boats  at  all  times, 
I  he  potential  lishini;  use  wcnild  be  increased  bv  25  %. 

Ihr  |Moli.il)i  I  i  I  \-  lli.it  I  I'.SL'i  VI)  i  1  :i  ni.iv  l>i'  ii'trc  I  ill.il  vv-ltli  y.i'nci.il  i  ?);•.  units 
implies  the  potential  to  alter  normal  discharge  in  favor  of  maximum  supplementary 
hydro-generation.  Considering  the  dire  consequences  of  severe  reservoir  drafting, 
this  sort  of  occurrence  should  be  forestalled  (also  see  Documentation  1.2.11). 
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GENERAL  SUMMARY 


Virtually  all  streams  in  the  Oregon  portion  of  the  Columbia  Basin  at 
one  time  produced  anadromous  fish;  many  still  do,  but  impoundments 
(not  all  hydropower)  added  a  new  dimension,  created  a  new  demand,  and 
posed  new  problems. 

Typically,  the  resident  population  in  the  dammed  anadromous  stream  could 
not  fill  the  niche  or  respond  to  the  increased  demand  from  the  expanded 
recreation  days  of  use.  Hatchery  trout  supplementation  has  been  the 
most  frequent  mitigation. 

Oregon  anglers  are  trout-steelhead-salmon  oriented  and  the  resident  trout 
fishery  is  by  far  the  most  popular.  An  angler  preference  survey  estimated 
that  85*  (327,000  people)  of  all  the  resident  license  holders  who  fished 
in  1977  had  at  least  one  trout  angling  trip.  The  same  survey  also  indi- 
cated that  stream  trout  fishing  was  somewhat  preferred  to  lake  and 
reservoir  fishing  but  46%  did  prefer  standing  waters. 

Almost  all  of  the  estimated  132,700  warm  water  game  fish  anglers  who 
bought  1977  licenses  preferred  lakes  and  reservoirs  to  streams. 

Two  major  impacts  on  the  resident  fish  populations  from  hydroproject 
impoundments  are  (1)  competition  from  large  non-game  fish  populations, 
and  (2)  fluctuating  water  levels. 

Non-game  fish  populations  (carp,  chubs,  shiners,  dace,  suckers,  and 
squawfish)  compete  with  more  desirable  species  for  food  and  space. 
Some  are  also  known  to  be  efficient  predators.  They  reduce  the 
number  of  game  fish  that  may  be  produced.  Their  total  numbers  may 
preclude  specific  management  programs,  i.e.  finger! ing  trout;  may 
preclude  management  with  particular  game  ■^ish  species;  and  in  sofre 
situations  ~ay  negate  any  meaningful  ranageT.ent  program. 

/ 


An  reservoirs  fluctuate;  to  what  degree  is  due  to  project  authori- 
zation and/or  design.  Those  including  flood  control  normally  have 
a  major  fluctuation  and  impact  resident  fish  populations  most: 

(1)  Shoal  area  is  the  most  productive  and  is  the  first  to  be 
dried  out  as  water  is  pulled. 

(2)  Erosion  is  more  extensive  because  of  unstable  shorelines. 
(-3)  Stocking  rates  (except  for  legal-sized  fish)  are  normally 

based  on  minimum  pools,  yet  angling  usually  occurs  on 
maximum  pools. 
(4)  Fluctuation  is  often  at  such  a  time  to  either  dewater  or 
submerge  spawning  areas. 

Several  of  the  hydroprojects  addressed  in  the  following  material  have 
large  non-game  fish  populations  and  fluctuate.  Both  problems  need 
attention. 

We  would  like  the  Power  Planning  Council  to  direct  the  operating  agencies 
to  (1)  initiate  studies  to  find  ways  of  controlling  non-game  fish  popula- 
tions and  implement,  and  (2)  encourage  operating  agencies  to  review  reser- 
voir operations  toward  minimizing  water  level  fluctuations. 


SNAKE  RIVER  BASIN 

Basin  Description 

Geography 

The  Snake  River  enters  the  Columbia  River  at  RM  324  and  forms  Oregon's 
eastern  boundary  for  216  miles. 

Major  tributaries,  within  Oregon  are:  Grande  Ronde,  Imnaha,  Burnt,  Powder, 
Malheur,  and  Owyhee  rivers. 

Three  hydroprojects  fronting  Oregon,  on  the  Middle  Snake,  are  addressed  in 
this  write-up:  Hells  Canyon  Dam  at  RM  24^7,  Oxbow  Dam  at  RM  273,  and 
Brownlee  Dam  at  RM  285. 

Hydrology 

The  Snake  drains  109,000  square  miles  and  contributes  about  20%  of  the 
volume  of  the  Columbia  River. 

Annual  precipitation  ranges  from  6  to  70  inches  and  much  of  it  falls  as 
snow.  More  than  50°5  occurs  during  the  period  November  through  March. 
Streams,  for  the  most  part,  are  shy  on  natural  streamflow. 

There  .are  several  irrigation  impoundments  in  the  basin. 


Recreation 

Recreation  is  an  increasingly  important  industry.  Many  thousands  of  par- 
ticipants come  from  a  wide  area  to  use  the  natural  resources:  mountainous 
terrain,  forested  areas,  numerous  bodies  of  water,  and  an  abundance  of  fish 
and  wildlife. 


Resident  Fish  Resources 

Rainbow  trout  are  the  most  important  trout  species  in  the  basin  and  kokanee 
have  been  stocked  into  Hells  Canyon  Reservoir. 

Channel  catfish,  crappie,  and  smallmcuth  bass  provide  excellent  fisheries. 
White  sturgeon  numbers  have  declined. 

Several  reservoirs  have  provided  biological  conditions  more  suitable  to  the 
production  of  ncngane  fish  than  game  fish. 


HeTIs  Canyon  Dam  Project 

Project  Description 

Hells  Canyon  Dam  and  Reservoir  is  an  Idaho  Power  Company  project  at  RM  247 
on  the  Snake  River.  It  was  completed  in  1968. 

The  reservoir  is  about  2,400  acres  in  size  and  23  miles  long. 


History  of  Fish 

Excellent  crappie  and  smallmouth  bass  populations  exist  in  Hells  Canyon 
Reservoir.  Some  natural  rainbow  production  is  coming  from  tributary  streams, 
Kokanee  stocking  began  in  1980. 


Impacts  on  Fish 

Hells  Canyon  Dam  cut  off  anadromous  production  above  RM  247,  and  white 
sturgeon  numbers  have  declined.  The  standing  water  environment  has  bene- 
fited warmwater  fish  species  populations.  Nongame  fish  populations  have 
exploded. 


Management  Goals  and  Objectives 

We  wiTl  manage  Hells  Canyon  Reservoir  for  warmwater  populations:  smallmouth 
bass,  crappie,  and  channel  catfish.  We  are  also  anticipating  some  level  of 
kokanee  production,  and  they  will  be  stocked  annually. 


Recommendations  lo  Protect,  Mitigate, 
and  Enhance  Fishery  Resources 

1.3   The  rough  fish  population  should  be  controlled  and/or  used.  It  may  be 
possible  to  profitably  execute  a  commercial  fishery  on  the  caro. 

OxBow  Dam  Project 

Project  Description 

Oxbow  Dam  anc  Reservoir  is  an  Idaho  Power  project  at  RM  273  on  the  Snake 
River.  It  was  completed  in  1961. 

The  reservoir  is  about  1,1^5  acres  in  size  and  13  r.iles  long. 


History  of  Fish 

For  several  years  after  impounding,  Idaho  Power  released  yearling  rainbow 
trout.  This  Department  is  presently  releasing  finger! ing  trout. 

Warmwater  game  fish  populations  have  thrived  with  the  impounded  water  and 
have  been  able  to  compete  with  the  large  nongame  fish  population. 


Impacts  on  Fish 

The  standing  water  environment  has  benefited  warmwater  populations.  Non- 
game  fish  populations  have  exploded. 


Management  Goals  and  Objectives 

We  will  manage  Oxbow  Reservoir  for  warmwater  populations.  Annual  finger- 
ling  trout  releases  are  contributing  to  the  fishery,  but  the  amount  is 
unknown. 


Recommendations  to  Protect,  Mitigate, 
and  Enhance  Fishery  Resources 

1.8   The  rough  fish  population  should  be  controlled  and/or  used.  It  may  be 
jDossible  to  profitably  execute  a  commercial  fishery  on  the  carp. 

Brownlee  Dam  Project 

Project  Description 

Brownlee  Dam  and  Reservoir  is  an  Idaho  Power  Company  project  at  RM  235  on 
the  Snake  River.  It  was  completed  in  1959. 

The  reservoir  is  about  15,000  acres  in  size  and  55  miles  long. 


History  of  Fish 

For  some  time  after  impounding,  Idaho  Power  released  yearling  rainbow  trout 
into  Brownlee  Reservoir. 

Excellent  populations  of  crappie,  smallmouth  bass,  and  channel  catfish  are 
present. 

Large  populations  of  nongame  fish  species  exist. 
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Impacts  on  Fish 

The  standing  water  environnent  has  benefited  wannwater  populations  and 
they  have  been  able  to  compete  with  the  large  populations  of  nongame  fish. 

White  sturgeon  numbers  have  declined  as  well  as  rainbow  trout. 


Management  Goals  and  Objectives 
We  will  manage  Brownlee  Reservoir  for  warmwater  populations. 


Recommendations  to  Protect,  Mitigate, 
and  Enhance  Fishery  Resources 

1.8   The  rough  fish  populations  should  be  controlled  and/or  used.  It  may 
be  possible  to  profitably  execute  a  commercial  fishery  on  the  carp. 
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COLUMBIA  RIVER  MAIN  STEM 


Basin  Description 


Geography 


The  Columbia  River  flows  westward  a  distance  of  309  miles,  forming  the 
boundary  between  Oregon  and  Washington,  and  discharges  into  the  Pacific 
Ocean  near  Astoria. 

Four  hydroprojects,  extending  upstream  from  Bonneville  to  the  confluence 
of  the  Columbia  and  Snake  rivers,  will  be  addressed  in  this  write-up: 


Bonneville  Dam 
McNa ry  Dam 
The  Dalles  Dam 
John  Day  Dam 


first  on  the  river 
second  on  the  river 
third  on  the  river 
fourth  on  the  river 


at  RM  145.5 
at  RM  292 
at  RM  192.4 
at  RM  216 


-  operational  1938 

-  operational  1953 

-  operational  1957 

-  operational  1963 


Hydrology 

The  Dalles  gauging  station  measures  the  runoff  from  a  drainage  area  of 
about  237,000  square  miles.  Annual  discharge  has  averaged  140,800,000 
acre  feet  per  year. 

The  construction  of  over  50  large  and  small  reservoirs  throughout  the 
basin  has  regulated  the  river  flow. 


Recreation 

Tens  of  thousands  of  tourists,  vacationers,  campers,  boaters,  hikers, 
swimmers,  v/ater  skiers,  fishermen,  and  hunters  use  the  main  stem  and 
impoundments  throughout  the  year. 


Resident  Fish  Resources 


Warmwater  game  fish  species  are  the  most  incortant  residents  in  the  main 
stem  Columbia.  Rainbow,  cutthroat,  and  bull  trcut  are  also  present  as 
well  as  some  oercentage  of  anadromous  si^iolts  that  do  not  migrate. 


Bonneville,  McNary,  The  Dalles, 
and  John  Day  Projects 

Project  Description 

The  four  Corps  of  Engineers  projects  date  back  to  1938  (Bonneville)  and 
impound  water  from  RM  146  to  RM  351. 

Fish  passage  facilities  are  incorporated  into  all  the  projects. 


History  of  Fish 

At  least  30  species  of  fish  are  present  in  the  main  stem  Columbia. 

Excellent  populations  of  smallmouth  bass  exist,  and  the  walleye  population 
is  expanding. 

Impacts  on  Fish 

Stream  habitat  has  been  eliminated  in  205  miles,  but  additional  acreage  of 
impounded  water  has  benefited  the  warmwater  game  fish  populations.  The 
large  nongame  fish  populations  generally  have  an  adverse  impact  on  the  more 
desirable  species. 


Management  Goals  and  Objectives 
Management  programs  will  be  oriented  toward  warmwater  game  fish  populations. 


Recommendations  to  Protect,  Mitigate, 
and  Enhance  Fishery  Resources 

1.2  Investigate  the  reservoir  operations;  determine  and  document  the 
impact  of  pool  fluctuations  on  warmwater  game  fish  populations. 

1.3  The  rough  fish  population  needs  to  be  controlled  and/or  used.  We 
recommend  initiating  such  a  study. 
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DESCHUTES  RIVER  BASIN 


Basin  Description 


Geography 


The  Deschutes  River  basin  is  located  in  the  north  central  part  of  Oregon; 
bounded  on  the  west  by  the  Cascades,  lava  plateaus  on  the  south,  the 
Ochoco  Mountains  and  plateau  between  the  Deschutes  and  John  Day  on  the 
east,  and  the  Columbia  on  the  north. 

Major  tributaries  are  the  Little  Deschutes,  Crooked  River,  Metolius  River, 
Warm  Springs  River,  and  White  River. 

Two  hydroproject  dams  are  located  on  the  Deschutes  River.  Pelton  Dam  is 
at  RM  100  and  Round  Butte  Dam  at  RM  107. 


Hydrology 

The  Deschutes  system  drains  about  10,400  square  miles  (ll'a  of  the  state). 

There  are  major  seasonal  and  geographical  pattern  differences  in  the  water 
yield  distribution--eastside  tributaries  very   low  in  comparison  to  westside 
tributaries.  Most  of  the  stream  system  is  characterized  by  low  flows  in 
the  late  summer,  fall,  and  winter  and  high  flows  in  the  spring  and  early 
summer  under  natural  conditions. 

There  are  several  irrigation  impoundments  in  the  basin. 


Recreation 

Recreation  is  yery   important  to  the  economy  of  the  basin.  The  Deschutes 
system  has  a  nationwide  reputation  for  excellent  trout  and  steelhead  fishing. 
The  lower  100  miles  of  the  Deschutes  is  a  premier  angling  stream  managed 
for  wild  trout  with  very   restrictive  angling  regulations. 

The  Crooked  Rjver,  below  Prineville  Reservoir,  is  an  extremely  productive 
stream;  and  the  "-'etolius  River  is  managed  with  hatchery  trout. 

Crane  Prairie,  Prineville,  and  Wickiup  reservoirs  provide  good  rainbow  trout 
fisheries,  as  well  as  East,  Paulina,  Davis,  and  Big  Lava  lakes.  Suttle  and 
Billy  Chinook  lakes  contain  excellent  kokanee  populations. 


Resident  Fish  Resources 

Rainbow  trout  are  the  most  important  trout  species  in  the  basin.  Brook 
trout  are  stocked  in  many  waters  and  kokanee  are  present  in  a  few. 
Whitefish  are  common  throughout  the  system.  Several  species  of  warmwater 
fish  are  also  present. 


Pel  ton-Round  Butte  Projects 

Project  Description 

The  Pel  ton-Round  Butte  complex  consists  of  (looking  upstream)  Pelton 
regulating  reservoir,  Pelton  Dam  (Lake  Simtustus),  and  Round  Butte  Dam 
(Lake  Billy  Chinook).  The  projects  are  owned  and  operated  by  Portland 
General  Electric  Company;  at  RM  100  and  107,  respectively,  on  the  Deschutes 
River.  Pelton  Dam  was  completed  in  1957;  Round  Butte  in  1963. 

Upstream  and  downstream  fish  passage  facilities  were  incorporated  into  the 
projects,  but  after  several  years  of  evaluation  a  hatchery  was  built  to 
provide  anadromous  production. 

Lake  Simtustus  covers  600  acres  maximum  and  fronts  on  the  Warm  Springs 
Indian  Reservation.  There  is  a  normal  5-foot  daily  fluctuation.  Maximum 
acreage  of  Billy  Chinook  is  about  4,000  with  a  maximum  depth  of  415  feet. 
Crooked  River  and  the  Metolius  both  enter  the  Deschutes  in  Lake  Billy 
Chinook. 


History  of  Fish 

Lake  Billy  Chinook  now  supports  the  largest  kokanee  population  in  the  state. 
Management  began  with  rainbow  trout,  but  they  were  killed  by  Ceratomyxa. 
The  kokanee  population  is  naturally. reproducing.  Kokanee  and  rainbow  are 
stocked  in  Lake  Simtustus. 


Impacts  on  Fish 

The  hydroprcjects  cut  off  all  anadromous  production  above  RM  100.  Wild 
Deschutes  rainbow  trout  used  the  stream  habitat  prior  to  impounding  and  the 
projects  may  have  severed  the  migration  pattern  of  the  bull  trout  population 
into  the  '!etolius  River.  Competition  from  rough  fish  is  a  major  oroblem. 
About  92"".  of  the  inventory-netted  fish  in  the  reservoirs  are  rough  fish. 


Management  Goals  and  Objectives 

We  win  manage  both  reservoirs  for  trout.  The  kokanee  population  in  Lake 
Billy  Chinook  is  selfperpetuating,  but  kokanee  and  rainbow  will  be  stocked 
annually  in  Lake  Simtustus. 


Recommendations  to  Protect,  Mitigate, 
and  Enhance  Fishery  Resources 

1.8   Rough  fish  control  and/or  use  is  the  number  one  problem  in  the  complex. 

Suckers  and  squawfish  were  present  prior  to  the  impoundm.ents, 
but  the  slack  water  provided  excellent  habitat  for  them  and  they 
now  make  up  90+%  of  the  population.  We  have  tried  purse  seining 
and  it  was  not  effective. 
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WILLAMETTE  RIVER  BASIN 

Basin  Description 

Geography 

The  Willamette  basin  is  roughly  rectangular  with  a  north-south  dimension 
of  about  150  miles  and  an  average  width  of  75  miles.  It  is  bounded  on 
the  east  by  the  Cascade  Range,  on  the  south  by  the  Calapooya  Mountains, 
and  on  the  west  by  the  Coast  Range.  The  Columbia  River  from  Bonneville 
Dam  to  St.  Helens  forms  a  northern  boundary.  The  basin  encompasses  the 
major  population  centers  of  Oregon  and  about  12%   of  the  total  area  of 
the  state.  Elevations  range  from  10  feet  to  over  10,000  feet. 

Major  tributaries  include  the  Clackamas,  Santiam,  and  McKenzie  rivers  as 
well  as  the  Coast  Fork  and  Middle  Willamette  rivers. 

Seven  major  hydroprojects  are  located  in  the  basin:  Detroit-Big  Cliff, 
Green  Peter-Foster  on  the  Santiam;  Cougar,  Leaburg-Walterville  (addressed 
in  the  anadromous  fish  section)  on  the  McKenzie;  Hills  Creek,  Lookout 
Point-Dexter  on  the  Middle  Fork  Willamette;  and  North  Fork,  Faraday, 
River  Mill,  and  Timothy  on  the  Clackamas. 


Hydrology 

The  Willamette  basin  encompasses  about  11,000  square  miles. 

The  total  surface  water  yield  of  over  27  million  acre  feet  is  more  than 
enough  to  satisfy  needs,  but  geographical  and  maldistribution  results  in 
water  shortages  in  some  areas  at  times  when  demand  is  greatest.  Many 
streams  are  overappropriated.  Only  about  7%   of  the  annual  water  yield 
occurs  during  the  summer  months  of  June  through  October. 

In  the  early  1930's  the  Corps  of  Engineers  prepared  a  plan,  known  as  the 
Willamette  Basin  project.  In  1938  and  by  subsequent  acts.  Congress 
authorized  the  Corps  to  construct  17  reservoir  projects--14  multipurpose 
storage  projects  and  3  regulating  projects. 

The  Willamette  projects  (containing  about  1,702,000  acre  feet  of  multiple- 
use  storage)  are  coordinated  with  the  rest  of  the  Columbia  basin  and  with 
other  concerned  agencies.  All  projects  operate  as  a  system,  with  regula- 
tion varying  according  to  season.  Seasonal  regulation  of  each  reservoir 
is  guided  by  a  flood  control  rule  curve. 


Recreation  Use 

Tourism  is  the  state's  third  largest  industry.  Outstanding  recreation 
facilities  in  the  basin,  many  water  related,  have  caused  sharp  increase  in 
sightseeing,  water  sports  (boating,  swimming,  and  water  skiing),  picnick- 
ing, hiking,  fishing,  and  hunting.  About  59"  of  the  basin  is  privately 
owned  and  38;i  federally  owned,  of  which  34'X  is  Forest  Service. 

Water  from  the  streams  of  the  basin  are  of  suitable  quality  for  most  uses. 

Data  from  past  angler  surveys  show  about  810,000  angler  days  for  trout  and 
111,000  angler  days  for  warmwater  species. 

The  basin  supports  major  runs  of  anadromous  fish. 


Resident  Fish  Resources 

Rainbow  and  cutthroat  are  native  to  the  basin  and  provide  a  major  contribu- 
tion to  the  stream  trout  fishery.  Rainbow  are  the  primary  species  stocked 
into  lowland  lakes  and  reservoirs. 

Good  populations  of  whitefish  are  found  throughout  the  basin. 

Warmwater  game  fish  are  not  native  but  the  brown  bullhead,  channel  catfish, 
largemouth  bass,  crappie,  and  bluegill  have  been  introduced  and  are  of 
increasing  importance. 


Timothy  Dam  Project 

Project  Description 

Timothy  Dam  and  Reservoir  is  a  Portland  General  Electric  Company  project  at 
RM  16  on  the  Oak  Grove  Fork  Clackamas  River.  The  project  was  completed  in 
1955.  Power  is  not  generated  at  Timothy  Dam. 

The  reservoir  covers  1,430  acres  at  full  pool  and  410  acres  at  minimum  pool 
with  a  drawdown  of  55  feet. 


History  of  Fish 

Finger!  ing  »"ainbcw,  crook  trout,  kokanee,  and  cutthroat  have  been  stocked  in 
Timothy  Reservoi'*.  Kokanee  and  brcok  trout  are  now  selfsustaining. 
Cutthroat  returns  were  poor  and  stocking  v/as  discontinued  but  rainbow  con- 
tinue to  be  stcc<ed  annually. 


Impacts  on  Fish 

Some  wild  cutthroat  stream  habitat  was  lost  when  the  project  was  developed. 
Fingerling  trout  have  been  stocked  annually;  but  the  drawdown,  more  severe 
in  recent  years,  is  curtailing  the  population.  It  may  be  necessary  to  stock 
yearling  trout. 


Management  Goals  and  Objectives 

We  will  continue  to  manage  Timothy  for  trout  but  it  may  be  necessary  to 
start  stocking  yearling  hatchery  rainbow.  Kokanee  are  small  and  abundant 
but  do  not  command  a  major  fishery.  Returns  from  fingerling  rainbow  have 
been  poor  the  past  few  years. 


Recommendations  to  Protect,  Mitigate, 
and  Enhance  Fishery  Resources 

1.7   Many  acres  are  exposed  in  the  drawdown  area  that  need  to  be  vegeta- 
tively  covered  for  food  production.  The  cost  will  probably  be 
$1 ,500  to  $2,000/acre. 

1.3   The  fingerling  trout  program  is  presently  not  doing  a  good  job,  and 
it  may  be  necessary  to  start  releasing  yearling-sized  fish.  This 
change  will  probably  cost  an  additional  $40,000. 


Detroit  Dam  Project 

Project  Description 

Detroit  Dam  and  Reservoir  is  a  Corps  of  Engineers  project  at  RM  48.5  on  the 
North  Santiam  River.  It  was  completed  in  1953. 

The  reservoir  is  3,350  acres  maximum,  1,450  acres  minimum,  with  an  annual 
drawdown  of  140  feet. 


History  of  Fish 

-     I 

Fingerling  rainbow  and  kokanee,  and  yearling  rainbow,  have  been  stocked 
since  impounding.  Kokanee  were  self-sustaining  until  the  196^  flood;  we 
began  stocking  them  again  in  1979. 

Angler  jse  at  Detroit  Reservoir  is  'j<iry  he&\'y. 


Impacts  on  Fish 

The  Detroit-Big  Cliff  complex  terminated  anadromous  fish  runs.  Mitigation 
is  provided  in  Corps-funded  hatcheries. 


Management  Goals  and  Objectives 

Detroit  Reservoir  is  managed  for  a  trout  fishery.  Annual  releases  of 
finger! ing  and  yearling  rainbow  are  providing  a  satisfactory  fishery.  We 
would  like  to  establish  a  kokanee  population. 


Recommendations  to  Protect,  Mitigate, 
and  Enhance  Fishery  Resources 

1.7   Many  acres  are  exposed  in  the  drawdown  area  that  need  to  be  vegeta- 
tively  covered  for  food  production.  Costs  will  be  $1,500  to  $2,000/ 
acre. 


Foster  Dan  Project 


Project  Description 


Foster  Dam  and  Reservoir  is  a  Corps  of  Engineers  project  at  RM  38,5  on  the 
South  Santiam  River.  It  was  completed  in  1967  and  is  a  regulating  reser- 
voir for  Green  Peter,  on  the  Middle  Fork  Santiam  River. 

The  reservoir  is  1,260  acres  maximum  with  about  18  miles  of  shoreline  area. 
Fluctuation  and  annual  drawdown  is  minimal.  Upstream  passage  facilities 


are  present. 


History  of  Fish 


r  to  impounding, 
ly  and  steel  head 


The  system  above  Foster  Dam  was  chemically  treated  prio 
Fingerling  and  yearling  trout  have  been  stocked  annual  1, 
smolts  have  gone  into  and  above  the  reservoir. 

About  9,500  angler  days  were  spent  during  the  first  10  weeks  of  trout  sea- 
son in  1980. 


Impacts  on  Fish 

The  system  above  Foster  Dam  was  chemically  treated  prior  to  impounding  and 
hatchery  fish  have  been  released  since.  Populations  of  brown  bullheads, 
bass,  and  bluegills  are  present. 


Although  the  system  was  chemically  treated,  a  large  population  of  rough 
fish  (suckers,  shiners,  and  squawfish)  are  present  now. 


Management  Goals  and  Objectives 

Foster  Reservoir  will  continue  to  be  managed  for  trout.  Steel  head  smolts 
are  released  in  and  above  the  impoundment  and  do  enter  the  trout  fishery 
in  greater  numbers  than  desired.  Warmwater  populations  are  small  and  will 
probably  remain  so. 


1.8 


Recommendations  to  Protect,  Mitigate, 
and  Enhance  Fishery  Resources 

The  rough  fish  populations  are  competing  with  the  trout  and  warmwater 
populations  and  need  to  be  controlled  and/or  used.  We  are  not  sure 
how  this  can  be  done. 


Cougar  Dam  Project 


Project  Description 


Cougar  Dam  and  Reservoir  is  a  Corps  of  Engineers  project  at  RM  4.5  on  the 
South  Fork  McKenzie  River.  It  was  completed  in  1963.  Facilities  are 
present  for  passing  adult  and  juvenile  fish  but  they  failed  (see  anadromous 
section). 

The  reservoir  is  1,235  acres  maximum,  570  acres  minimum,  with  an  annual 
drawdown  of  174  feet. 


History  of  Fish 

Hatchery  fingerling  and  yearling  rainbow  have  been  stocked  since  impounding. 
Wild  rainbow  and  bull  trout  were  present  in  the  affected  area. 


Impacts  on  Fish 

Drawdown  is  severe  and  yearling  rainbow  are  needed  in  conjunction  with 
fingerling.  There  are  no  rough  fish  in  the  reservoir. 


Management  Goals  and  Objectives 

Cougar  Reservoir  will  continue  to  be  managed  for  a  trout  fishery.  Both 
finger! ing  and  yearling  rainbow  are  stocked  annually.  Trout  loss  was  miti- 
gated for.  The  anadromous  section  gives  high  priority  to  rehabilitating 
the  salmon  run. 


Recommendations  to  Protect,  Mitigate, 
and  Enhance  Fishery  Resources 

1.7   Many  acres  are  exposed  in  the  drawdown  area  and  need  to  be  vegeta- 
tively  covered  for  food  production.  See  anadromous  section  for 
rehabilitation  proposal. 


Dexter-Lookout  Point  Projects 

Project  Description 

Both  projects  are  Corps  of  Engineers;  Lookout  Point  at  RM  19.9  on  the 
Middle  Fork  Willamette  River  and  Dexter  just  below.  Dexter  is  a  regulating 
reservoir  for  Lookout  Point.  Both  were  completed  in  1954. 

Lookout  Point  Reservoir  is  4,255  maximum,  2,090  acres  minimum,  with  a 
drawdown  of  100  feet.  Dexter  is  1,075  acres  maximum  and  960  minimum  with 
about  5  feet  of  drawdown. 


History  of  Fish 

Trout  were  stocked  until  1960  in  Lookout  and  until  1962  in  Dexter.  Stock- 
ing programs  were  terminated  in  both  because  of  poor  returns.  Kokanee  were 
released  into  Lookout  Point  beginning  in  1981. 


Impacts  on  Fish 

Creation  of  the  slack  water  behind  both  dams  has  provided  excellent  habitat 
for  several  species  of  rough  fish  (suckers,  chiselmouth,  shiners,  and 
squawfish),  and  the  reservoir  populations  are  about  90+"  rough  fish  now. 
Competition  with  fingerling  trout  plants  did  not  allow  the  trout  to  persist. 

Crappie  and  brown  bullheads  are  present  but  in  limited  numbers.  Both  reser- 
voirs provide  poor  fishing. 


Management  Goals  and  Objectives 

We  will  evaluate  kokanee  in  Lookout  Point  prior  to  asking  our  Commission's 
approval  to  stock  a  hybrid  bass.  Zooplankton  production  appears  to  be 
sufficient  to  carry  a  limited  number  of  kokanee.  A  management  plan  has  not 
been  finalized  for  Dexter. 


Recommendations  to  Protect,  Mitigate, 
and  Enhance  Fishery  Resources 

1.7  Many  acres  are  exposed  in  the  drawdown  area  that  need  to  be  vegeta- 
tively  covered  for  food  production. 

1.8  The  rough  fish  population  must  be  controlled  and/or  used  to  allow  a 
meaningful  trout  fishery  to  exist.  See  anadromous  section  for 
rehabilitation  proposal. 


Hills  Creek  Dam  Project 

Project  Description 

Hills  Creek  Dam  and  Reservoir  is  a  Corps  of  Engineers  project  at  RM  45.5 
on  the  Middle  Fork  Willamette  River.  It  was  completed  in  1962. 

Maximum  reservoir  acreage  is  2,710,  minimum  is  1,300,  with  a  drawdown  of 
127  feet. 


History  of  Fish 

The  system  above  the  dam  was  chemically  treated  prior  to  impounding.  Finger- 
ling  rainbow  trout  have  been  stocked  annually  and  originally  the  impoundment 
was  quite  productive.  Sediment  has  been,  and  continues  to  be,  a  problem. 
Crappie  were  illegally  introduced  and  their  population  is  expanding. 


Impacts  on  Fish 

The  127-foot  drawdown,  and  subsequent  minimum  pool,  has  curtailed  the  number 
of  fincerling  stocked  annually.  The  raw,  exposed  acreage  in  the  drawdown 
area  contributes  to  the  sediment  problem.  As  a  result  of  the  above  problems, 
fishing  in  the  reservoir  is  mediocre. 


Management  Goals  and  Objectives 

We  will  continue  to  manage  Hills  Creek  Reservoir  for  a  trout  fishery.  The 
crappie  were  illegally  stocked  but  their  population  is  expanding  and  more 
angling  pressure  is  being  exerted  on  them. 


Recommendations  to  Protect,  Mitigate, 
and  Enhance  Fishery  Resources 

1.7   The  drawdown  area  needs  to  be  vegetatively  covered  to  provide  addi- 
tional food  production  and  curtail  sediment.  Costs  will  probably 
be  $1,500  to  $2,000/acre. 
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RECOMMENDATIONS  FOR  THE  PROTECTION,  MITIGATION  AND 
ENHANCEMENT  OF  WILDLIFE  IN  THE  COLUMBIA  RIVER 

BASIN 


Floodplain  environments  are  highly  productive  and  often  essential  habi- 
tats of  principal  importance  to  wildlife.  Floodplain  and  riparian  habi- 
tats are  frequently  critical  to  resident  wildlife  and  to  wildlife  that 
depend  upon  them  for  survival  during  certain  seasons  or  portions  of 
their  life  cycles.  Man,  too,  has  centered  his  development  in  this 
fertile  and  productive  zone,  and  continues  to  expand  his  activities  in  a 

■■•V  ■  ■  ■ 

land  type  which  comprises  only  about  five  percent  of  the  nation's  land 
area.  One  major  expanding  use  of  this  area  is  the  production  of  electrical 
power,  an  activity  which  greatly  alters  the  wetland,  riparian,  and 
general  floodplain  areas  of  river  valleys  which  are   of  such  importance 
to  wildlife. 

Hydropower  development  in  the  Columbia  River  Basin  has  been  farreaching, 
the  most  obvious  example  being  the  mainstem  Columbia  River.  Development 
to  date  has  centered  in  northern  Oregon  and  in  Washington.  About  one- 
half  million  acres  of  floodplain  and  river  valley  land  in  Washington 
have  already  been  inundated. 

Development  of  hydroelectric  power  has  had  very   serious  impacts  on  many 
species  of  wildlife,  and  only  a  portion  of  these  impacts  have   been 
addressed,  studied,  and  corrected  or  minimized.  While  the  Fish  and 
Wildlife  Coordination  Act  and  other  laws  and  regulations  seem  to  signify 
legal  protection  for  wildli'f'e  and  to  call  for  mitigation  of  impacts,  the 
actual  implementation  of  measures  has  been   notably  delayed  and  inadequate. 
Early  pov/er  projects  were  completed  ,vith  only  token  mitigation. 


More  recently,  projects  such  as  Wells,  Lower  Snake  River,  and  Dworshak 
demonstrate  improvement  in  the  response  of  development  agencies  and 
organizations  to  wildlife  mitigation  responsibilities.  Despite  this 
improvement,  it  remains  difficult  to  obtain  adequate  mitigation  for 
losses.  Wildlife  mitigation  is  often  relegated  to  poor  sites  where 
opportunity  for  success  is  limited.  Technology  for  creating  high  qual- 
ity habitat  in  confined  space  needs  refinement.  Periodic  evaluation  of 
mitigation  success  is  necessary  for  improvement  of  these  skills.  An- 
other problem  is  accurate  identification  of  wildlife  losses.  Studies 
show  that  impact  assessments  are  usually  yery   conservative. 

This  report  is  hereby  submitted  to  the  Northwest  Power  Planning  Council 
(NPPC)  to  meet  requirements  of  the  Pacific  Northwest  Power  Planning  and 
Conservation  Act,  P.L.  96-50  (The  Act).  The  Act  requires  development 
and  adoption  of  a  program  to  protect,  mitigate,  and  enhance  fish  and 
wildlife  resources  along  the  Columbia  River  and  its  tributaries.  The 
NPPC  established  under  the  Act  was  directed  to  request  from  Federal  and 
State  fish  and  wildlife  agencies  and  appropriate  Indian  Tribes,  recommenda- 
tions for  a  program  to  protect,  mitigate,  and  enhance  fish  and  wildlife, 
as  follows: 

Recommend  measures  to  protect,  litigate,  and  enhance  fish  and 
wildlife  affected  by  development  and  operation  of  hydroelectric 
projects  on  the  Columbia  River  and  its  tributaries. 

Establish  objectives  ■^or  development  and  operation  of  hydro- 
electric projects  designed  to  protect,  mitigate,  and  enhance 
fish  and  wild! ife. 


Recommend  approaches  for  management  coordination,  research, 
and  development  that  will  assist  protection  and  mitigation  at 
and  between  the  region's  hydroelectric  dams. 

Wildlife  agencies  were  given  three  months  to  provide  their  recommendations, 
following  which  the  NPPC  over  the  span  of  one  year  will  develop  a  program 
based  on  the  recommendations,  supporting  documents,  and  public  comments 
thereon. 

Recommendations  for  wildlife,  and  supporting  materials  and  discussion  by 
Federal  and  State  agencies  in  this  report,  were  drafted  to  satisfy  the 
requirements  outlined  above  pursuant  to  The  Act.   It  should  be  recognized, 
however,  that  the  time  allowed  for  this  effort  was  not  sufficient  to 
cover  this  broad  subject  thoroughly,  and  a  continuing  dialogue  should  be 
maintained  to  enhance  these  recommendations. 

The  order  of  presentation  of  issues,  remedial  measures,  and  geographical 
locations  in  this  report  signifies  their  priority  ranking  from  high  to 
low.  The  priority  arrangement  of  issues  and  general  remedial  actions  is 
most  clearly  displayed  in  Appendix  I.  Recommendations  have  been  developed 
utilizing  the  established  working  relationships  among  agency  representa- 
tives on  the  Columbia  Basin  Wildlife  Technical  CoiTmittee  (CBWTC  Appendix 
2).  State  ana  Federal  C3WTC  representatives  have  established  priorities 
of  wildlife  concerns,  geograohical  areas,  and  corrective  rneasures  which 
are  the  basis  r'or  these  recommendations.   It  snould  be  clearly  'under- 
stood that  the  ■'■ssjes,  Pleasures,  and  locations  discussed  and  prioritized 
in  this  report  should  not  be  viewed  as  the  totality  of  areas  of  interest 
or  concern. 


The  following  Goal  and  Objectives  are  detailed  in  the  report: 


GOAL 


OBJECTIVE  I 


Develop  and  support  recommendations  to  the  Northwest 
Power  ^Tanning  Council  for  implementation  of  a  program  to 
protect,  mitigate,  and  enhance  habitat  and  wildlife  where 
affected  by  electrical  power  development  and  operation  of 
power  generation  and  transmission  facilities  within  the 
Columbia  River  system. 

Assure  that  formal  wildlife  representation  in  all  matters 
of  power  system  planning,  management,  and  operation  is 
accomplished. 


OBJECTIVE  II   Identify  and  prioritize  activities  of  electrical  power 

development  and  operation  that  impact  habitat  and  wildlife. 

OBJECTIVE  III  Recommend  (identify)  measures  and  locations  to  protect, 
mitigate,  and  enhance  habitat  and  wildlife  impacted  by 
development  and  operation  of  the  Columbia  River  Basin 
power  system. 


OBJECTIVE  IV 


Recommend  additional  investigations  needed  to  document 
measures  to  protect,  mitigate,  or  enhance  habitat  and 
wildlife  impacted  by  development  and  operation  of  the 
Columbia  River  Basin  power  system. 


We  recognize  the  need  for  and  value  of  placing  cost  figures  with  some  of 
the  priority  recommendations  we  have  made.   It  is,  however,  very  difficult 
in  the  time  available  to  apply  current  estimates  to  recommendations 
which  are,  for  the  most  part,  at  a  more  generic  level.  Appendix  III 
provides  a  short  section  on  mitigation  costs,  references  on  mitigation 
costs,  project  cost  data,  and  references  on  wildlife  economic  values. 
Continued  acquisition  and  development  of  this  information,  .vhich  is 
necessary  for  development  of  the  wildlife  program,  must  be  carried  on 
tnroughout  program  development. 


I.   WILDLIFE  REPRESENTATION  IN  ELECTRIC  POWER  DEVELOPMENT 


There  are  many  agencies  and  entities  having  overlapping  administrative 
and  operational  responsibilities  for  water  development  and  associated 
natural  resource  management  in  the  Columbia  Basin.  There  are,  for 
example,  at  least  nine  multiagency  commissions,  committees,  and  work 
groups  presently  attempting  to  sort  out  and  resolve  Basin  water  use 
problems  and  priorities.  But  there  is  no  comprehensive,  coordinated 
water  management  plan  or  organization  for  the  Columbia  River  system 
under  which  such  work  could  be  accomplished.  Existing  groups  formed  to 
coordinate  management  of  the  Columbia  River  lack  authority,  expertise, 
or  purpose  to  cover  all  functions  served  by  the  river, 

Anadromous  fish  management  goals  have  been  furthered  in  recent  years 
through  interaction  with  power  interests.  The  Columbia  River  Fisheries 
Technical  Committee,  Columbia  River  Fisheries  Council,  Committee  on 
Fishery  Operations,  Columbia  River  Water  Management  Group,  Pacific 
Northwest  Commission,  and  other  organizations  functioned  to  seek  a 
balance  of  user  needs.  Wildlife  interests  have  not  shared  these  gains, 
despite  wildlife  mandates  of  involved  agencies  and  despite  mutually 
supportive  fish  and  wildlife  goals. 


Wildlife  has  been  represented  in  some  committees  and  to  some  extent  in 
water  project  licensing,  construction,  and  operation.  Project-by- 
project  actions  poorly  address lonq-ranqe  regional  issues  and  decisions 
affecting  wildlife,  if  at  all,  and  declines  of  wildlife  continue  from 
cumulative  impacts.  Despite  claims  that  legal  requirements  are  being 
met  in  protecting  wildlife  values,  impacts  are  not  presently  being 
alleviated.  System-wide  operational  changes  such  for  power  peaking  is 
one  example  of  serious,  unaddressed  impacts. 

Because  of  lack  of  recognition  and  lack  of  an  organizational  structure 
associated  with  power  planning,  development,  and  operation,  it  is  diffi- 
cult to  assure  adequate  wildlife  representation  in  power  development 
processes.  The  fundamental  goal  of  NPPC  is  to  provide  for  coordinated 
power  and  conservation  planning  and  management.  We  therefore  submit 
some  ideas  which  can  improve  a  generally  ineffective  regional  planning 
framework  for  wildlife  where  those  resources  are  affected  by  power 
development.  These  are  general  points  rather  than  detailed,  pending 
establ  ■ishirent  of  a  broad  framework  for  comprehensive  management  of  the 
Columbia  Basin  power  system. 

1.1   In  concert  with  recommendations  in  the  anadromous  fish  report, 
we  recomn:end  that  a  for'^al  review  process  be  established 
wherein  Bonneville  Powe'"  -Administration.  Corps  of  Engineers, 
and  Bureau  of  .Reclamation  rscjest:  both  fisn  and  wildlife 
recomnendations  from  appropriate  agencies  and  Indian  Tribes  in 
any  significant  decision  processes  which  could  affect  either 
of  these  resources. 


1.2  We  support  the  establishment  and  funding  by  power  interests  of 
a  fish  and  wildlife  team  composed  of: 

a)  A  Fishery  River  Management  Coordinator  and  Power  Management 
Analyst  who  could  be  housed  at  the  National  Marine  Fisheries 
Service,  as  recommended  in  the  anadromous  fish  report. 

b)  A  Wildlife  Management  Coordinator  or  Wildlife/Resident 
Fish  Coordinator  to  be  housed  at  the  U.S.  Fish  and  Wildlife 
Service 

1.3  We  recommend  formation  of  a  new  organization  or  expansion  of 
the  existing  Columbia  River  Fisheries  Council  to  include 
wildlife  and  resident  fish.  This  is  necessary  to  fulfill  the 
requirements  of  The  Act  to  add>"ess  all  resource  areas,  and  to 
reduce  complexity  and  isolation  of  coordinating  mechanisms 
which  are  established. 

1.4  We  propose  that  the  Columbia  Basin  Wildlife  Technical  Committee, 
as  established  by  agency  Oirectors,  be  identified  as  the 
appropriate  coordination  point  for  NPPC,  3PA.  and  other  power 
interests.   This  will  provide  an  Initial  focal  point  for  wild- 
life program  development,  and  an  alternative  contact,  should 
separation  of  fish  and  wildlife  eleT.ents  in  future  coordination 
be  desiraole. 


2.0  Impacts  to  Wildlife  and  Habitat  Associated  with  Hydroelectric 
Development 

2.1  Inundation 

Inundation  is  caused  by  raising  a  'water  level    from  a  given 
elevation  to  a  significantly  higher,   relatively  stable  elevation. 
Inundation  is  one  of  the  major  impacts  of  the  construction  of  large 
hydroelectric  projects,  as  well   as  irrigation,   flood  control,  and  pumped 
storage  hydro-projects.     The  depth  of  inundation  may  range  from  less 
than  5  feet  for  an  operational   change  to  increase  the  head  on  generating 
units,   to  approximately  100  feet  for  construction  of  typical    run-of-the- 
river  large  hydroelectric  projects,   to  200  feet  or  more  for  high  head 
and  storage  projects.      Impacts  associated  with  inundation  include  loss 
and  change  of  shoreline  vegetation,  soil   erosion,  changes   in  water 
quality  and  quantity,  and  flow  alteration.     Terrestrial   habitat  is 
eliminated  in  the  direct  impact  area.     Additional   habitat  wa-j  be  lost 
from  associated  land  clearing,   riprapping,   relocation  of  structures  and 
facilities,   rights-of-v/ay,  borrow  and  staging  areas,  and  bank  erosion. 
Impounded  water  creates  a  harsher  microclimate  along  the  shoreline  than 
exists  along  a  fi^ee-flowing  stream,   resulting  in  less  suitable  wildlife 
habitat  during  periods  o^'  extreme  high  and  low  temperatjre   (Oliver. 
1974). 

2.1.1  Big  Game 


Inundation  causes  direct  loss  of  wintering  and 
fawning/calving  areas  for  big  game.  New  reservoirs  may  disrupt,  bisect, 
or  eliminate  big  game  migration  route';  (USFWS,  1964).  Food  and  cover 
used  year-round  by  big  game  are  lost.  The  importance  of  bottomland 
riparian  habitat  to  big  game  is  illustrated  by  the  results  of  preimpound- 
ment  big  game  surveys  on  proposed  reservoir  sites.  The  Oregon  State 
Game  Commission  (1965)  estimated  that  construction  of  the  High  Mountain 
Sheep  Hydroelectric  Project  on  the  Snake  River  would  inundate  habitat 
that  supported  850  deer  and  300  elk  during  the  winter.  A  preimpoundment 
study  of  the  Cowlitz  Development  Area  in  Washington  revealed  that  land 
to  be  inundated  by  the  proposed  Mossyrock  and  Mayfield  Dams  supported  an 
estimated  1,060  black-tailed  deer  and  200  elk  (Oliver  et  al,  1966). 
Brigham  (1958),  in  a  preimpoundment  study  of  the  Swift  Creek  and  Muddy 
River  hydroelectric  projects  on  the  Lewis  River  in  Washington,  estimated 
that  at  least  150  elk  and  370  deer  wintered  in  the  proposed  13.2  square 
mile  reservoir  areas. 

A  recent  study  revealed  that  the  10-foot  pool  raise  in  Chief  Joseph 
Reservoir  destroyed  important  mule  deer  fawn  summering  habitat  along  the 
original  reservoir  shoreline.  (Fielder  et  al .  1981). 

2.1.2    Upland  Birds 

L'pland  birds   use   riparian   habitat   for  nesting, 
feeding  brood-rearing,    resting,   and   for  thermal    cover   in   both  winter  and 
summer.      Inundation  causes   direct   loss  of  bottomland  habitat  critical    to 
the  survival    of  upland  birds. 


Results  of  a  preimpoundment  study  on  the  Wells  Dam  project  area  on  the 
Columbia  River  in  Washington  illustrate  the  year-round  importance  of 
riparian  habitat  to  upland  birds.  The  riparian  segment  of  the  sample 
area  contained  58  percent  of  the  pheasants  and  67  percent  of  the  quail 
in  the  spring,  97  percent  of  the  pheasants,  and  69  percent  of  the  quail 
in  the  summer,  60  percent  of  the  pheasants  and  95  percent  of  the  quail 
in  the  fall,  and  88  percent  of  the  pheasants  and  91  percent  of  the  quail 
in  the  winter  (Oliver,  1969).  In  winter,  99  percent  of  the  surviving 
chukars  were  found  using  riparian  habitat  on  the  Wells  Project  area. 
Postimpoundment  studies  estimated  a  loss  of  209,300  game  birds,  including 
doves,  resulting  from  loss  of  habitat  due  to  the  project  (Oliver,  1972). 
The  Oregon  State  Game  Commission  (1965)  estimated  that  23,000  upland 
game  birds  used  habitat  that  would  be  flooded  by  the  proposed  High 
Mountain  Sheep  Project  on  the  Snake  River.  Mossyrock  and  Mayfield  Dams 
on  the  Cowlitz  River  in  Washington  inundated  habitat  used  by  an  estimated 
3,765  upland  game  birds  (Oliver  et  al,  1966).  Lower  Snake  River  studies 
estimated  120,800  upland  game  birds  would  be  lost  from  inundation  of 
bottomlands  by  four  dams  (USACE,  1973). 

2.1.3     Terrestrial  Mammals 

Inundation  causes  a  permanent  loss  or  reduction  of 
habitat  and  reduces  the  food  suooly  ^or  terrestrial  mammals.  Small 
mammals  and  rode'^ts  thar  have  SiTall  home  ranges  within  riparian  zones 
Suffer  comoletc  loss  of  habitat.  This  in  turn  would  impact  oredatory 
terrestrial  -nammals  bj   reducing  tnei'*  food  supply.  A  preimcoundment 
study  of  the  Lower  iranite  Dam  oocl  site  on  the  Snake  River  in  Viasnington 
-"evealed  tnat  50-75  oercent  of  the  sr-all  nanmals  trapped  during  the 
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winter  and  spring  were  found  in  riparian  vegetation  below  the  prospective 
high  pool  level  (VJater  Research  Center,  1974). 

Before  and  after  studies  of  Wells  Reservoir  in  north  central  Washington 
found  about  1,500  cottontail  rabbits  were  lost  when  4,680  acres  were 
inundated  (Oliver,  1972).  About  8,400  cottontails  resided  in  riparian 
habitat  inundated  by  four  lower  Snake  River  Dams  (USAGE,  1973). 

Small  mammal  losses  resulting  from  Chief  Joseph  Pool  raise  were  highly 
evident.  Many  yellow-bellied  marmot  burrows  were  flooded  while  the 
marmots  were  still  hibernating.  Numbers  of  Microtus  were  seen  stranded 
on  emergent  vegetation  and  floating  debris.  These  animals  died  within  3 
minutes  of  becoming  stranded  (Fielder  et  al ,  1981). 

2.1.4    Waterfowl/Shorebirds 

Inundation  effects  waterfowl  primarily  by  causing 
direct  loss  of  nests  and  nesting/brooding  areas.  Wintering  waterfowl 
may  also  be  adversely  impacted  when  inundation  causes  a  loss  of  food 
source  or  an  alteration  in  food  availability.  Loss  of  emergent  and 
submergent  aquatic  vegetation  impacts  diving  ducks  (USFWS.  1979). 
Shorebirds  are  affected  by  inLindation  of  .Tudflats  and  shallow  water 
feeding  areas. 

Hydroelectric  reservoir  often  attract  large  numbers  of  migrating  waterfowl 
but  waterfowl  inventories  indicate  that  current  wintering  oopulations  of 
waterfowl  on  Columbia  River  reservoirs  are  less  than  under  preproject 
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conditions  (USFWS  inventory  counts).  Inventories  over  the  last  25  years 
indicate  that  Canada  goose  numbers  have  stabilized  while  mallard  numbers 
are  declinina. 

Gibson  and  Buss  (1972)  found  that  Canada  goose  production  declined 
drastically  in  their  Snake  River  study  area  after  constro'ction  of  Little 
Goose  Dam  and  the  subsequent  impoundment  of  the  river.  Inundation  of 
nesting  islands  and  increased  disturbance  by  humans  was  determined  to  be 
the  cause  of  the  decline. 

Fielder  et  al ,  1981,  examined  impacts  to  Canada  goose  nesting  on  Chief 
Joseph  reservoir  following  the  recent  10-foot  pool  raise.  Comparison  of 
Canada  goose  nesting  before  and  after  inundation  found  nests  reduced 
from  a  mean  of  42.5  nests  to  a  mean  of  29  nests.  Egg  count  decreased 
from  212.5  to  155.  Predation  on  substitute  nest  sites  was  significant. 

Prior  to  inundation  of  the  Columbia  and  Snake  Rivers,  Canada  goose  used 
90  islands  for  nesting  on  the  Columbia  River  from  The  Dalles  pool  through 
Priest  Rapids  pool  and  the  Snake  River  from  its  mouth  to  Asotin  (Bowhay, 
1973).  After  inundation,  only  45  islands  were  used  by  geese  for  nesting. 
The  actual  island  acreage  loss  was  nuch  greater  than  50-'.  Goose  nesting 
activity  was  reduced  by  67'.;.  Increased  band  returns  after  impoundment 
indicated  that  adult  birds  v/ere  more  vulnerable  to  hunters  the  first  year 
after  inundation  as  they  searched  for  new  resting  areas. 

2.1.5    Aquatic  Mammals 
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Inundation  destroys  existing  den  sites  of  aquatic  mammals 
and  may  create  a  totally  unsuitable  environment  for  those  animals.  Food 
sources  for  animals  such  as  beaver  and  muskrat  that  depend  upon  specific 
types  of  shoreline  vegetation  may  be  completely  eliminated  by  inundation. 
Dens  may  be  flooded  while  helpless  young  are  present. 

Four  Lower  Snake  River  dams  inundated  14,426  acres  of  habitat.  Approxi- 
mately 280  miles  of  riverine  shoreline  habitat  was  lost.  Losses  of  fur 
animals  to  inundation  amounted  to  approximately  60  %  of  the  preimpoundment 
population  of  beaver,  muskrat,  mink,  otter,  and  raccoon.  Preimpoundment 
populations  of  these  species  was  33,100;  postproject  estimated  populations 
were  19.725  (Oliver,  1970). 

2.1.6     Raptors/Nonqame  Birds 

Inundation  causes  permanent  loss  of  nest  sites  for 
nongame  birds  that  nest  in  riparian  areas.  Perch  sites  for  raptors  and 
other  nongame  birds  are   lost.  Birds  that  use  riparian  vegetation  for 
food  will  be  adversely  impacted.  Loss  of  riparian  vegetation  leads  to  a 
decrease  in  insects  and  small  mammals  that  depend  on  that  vegetation. 
This  in  turn  affects  birds  that  feed  on  insects  and  small  mammals. 
Thermal  cover  used  by  birds  is  eliminated  by  inundation.   Island  nest 
sites  of  gulls,  terns,  and  herons  are  greatly  reduced  or  notally  eliminated 
by  flooding. 
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Riparian  habitat  is  extremely  important  to  populations  of  nongame  birds 
in  many  areas.  Johnson  et  al  (1977)  predict  that  loss  of  riparian 
habitat  in  lowlands  of  the  Southwest  could  result  in  extirpation  of  475^ 
of  the  166  species  of  birds  that  nest  there.  Ohmart  et  al  (1977)  found 
some  bird  species  to  be  so  specialized  to  riparian  communities  along  the 
Colorado  River  that  the  species  are   in  danger  of  becoming  extirpated  if 
those  riparian  communities  are  eliminated.  Riparian  study  plots  in  Arizona 
contained  up  to  10.5  times  the  number  of  migrating  birds  per  hectare 
found  on  adjacent  nonriparian  plots  (Stevens  et  al,  1977). 
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2.2  Water  Level  Fluctuation 

Water  development  projects  that  store  water  for  use  during 
periods  of  the  year  when  it  is  not  readily  available  result  in  reservoirs 
with  artificial  water  level  fluctuations.  These  seasonal  fluctuations 
prevent  the  establishment  of  riparian  vegetation  below  the  high  water 
level  (Baxter  S  Claude,  1980).   In  addition,  a  plan  to  supply  future 
base  power  loads  with  thermal  power  and  additional  or  "peak"  power  loads 
with  hydroelectric  power  will  result  in  increased  frequency  and  magnitude 
of  daily  reservoir  fluctuations.  Reservoirs  along  the  Columbia  and 
Snake  Rivers  already  display  barren  "fluctuation  zones"  (McKern,  1976). 
The  size  of  these  barren  zones  will  be  increased  by  increased  fluctuations. 

Water  level  fluctuations  also  cause  habitat  loss  through  erosion  of 
streambanks  and  islands.  Grand  Coulee  Reservoir  was  the  site  of  74 
landslides  in  1967  and  135  in  1974,  an  increase  in  erosion  which  corresponds 
to  an  increase  in  water  level  fluctuations  due  to  oower  peaking  (McKern, 
1976). 

2.2.1     Waterfowl/Shorebirds 

Artificial  water  level  fluctuations  adversely  affect 
waterfowl  by  flooding  nests  and  eroding  nesting  islands  (USFWS,  1979). 
In  tne  :nainstem  Columbia  and  Snake  ?^ivers.  islands  are   the  preferred 
nesting  habitat  of  Canada  geese  and  are   critical  to  goose  production 
(McKern,  i976;  Gibson  and  Suss.  1972;  USFViS,  1979).  Geese  that  select 
nest  sites  during  a  low  water  period  can  have  their  nests  flooded  during 
a  subsequent  hign  v/ater  period.  E.xtre^e  1ow  water  during  nesting  and 
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brooding  can  expose  land  bridges  leading  to  islands,  increasing  suscepti- 
bility of  waterfowl  to  mammalian  predation  at  critical  times  (USFWS, 
1979).  During  one  nesting  season  when  the  water  level  was  dropped  to 
minimum  pool  level  in  McNary  Reservoir,  land  bridges  were  exposed  to  a 
number  of  nesting  islands.  Coyotes  reached  three  of  the  islands,  destroy- 
ing all  goose  nests  and  killing  four  adult  geese (McKern,  1976).  The 
barren  fluctuation  zone  along  the  banks  of  the  reservoir  creates  an 
additional  hazard  at  brooding  areas.  Geese  that  must  cross  this  zone 
during  low  water  in  order  to  reach  brooding  areas  are  exposed  to  predation. 
Ducks  are  impacted  by  loss  of  riparian  nesting  habitat  both  on  islands 
and  along  shorelines  (Tabor  et  al ,  1980).  Loss  of  aquatic  vegetation  in 
fluctuation  zones  reduces  food  for  diving  ducks  (USFWS,  1979)  and  shorebirds, 

2.2.2    Aquatic  Mammals 

Tabor  et  al  (1980)  found  that  beaver  and  muskrat  tend 
to  avoid  areas  affected  by  short-term  water  fluctuations.  Sixty- 
five  percent  of  the  beaver  dens  and  80-90  percent  of  the  muskrats  found 
in  the  study  area  were  in  subimpoundments  and  ponds  subject  to  less 
fluctuation  than  the  main  reservoir.  Fluctuating  water  levels  result  in 
alternate  flooding  and  exposure  of  dens,  reduction  or  loss  of  food 
sources,  reduced  nabitat  for  den  sites,  and  increased  predation. 

Fluctuations  during  the  time  that  young  are  present  in  the  den  can  cause 
drowning  of  young  during  high  water  or  exposure  of  young  to  predation 
during  low  .vater.  Riparian  vegetation  used  as  food  oy   aquatic  mammals 
is  decreased  by  fluctuations.  As  with  watei^fowl,  aquatic  Tiamnals  are 


IS 


exposed  to  predation  when  they  are  forced  to  cross  a  barren  fluctuation 
zone  to  reach  food.  Although  very  little  data  is  available  on  the 
effects  of  fluctuation  on  otter  and  mink,  they  are  not  expected  to  be  as 
seriously  impacted  as  beaver  and  muskrat  (Tabor  et  al ,  1980).  However, 
since  otter  and  mink  are  born  helpless,  a  sudden  increase  in  the  water 
level  when  young  are  present  in  the  den  could  cause  drowning. 

2.2.3  Big  Game 

Water  level  fluctuations  most  seriously  affect  deer 
by  loss  of  riparian  habitat,  erosion  of  fawning  islands,  and  exposure  of 
land  bridges  to  fawning  islands  during  low  water  periods.  In  some 
reaches  of  the  Columbia  River  such  as  Hanford  reach  and  John  Day  pool, 
islands  are  extremely  important  fawning  areas.  An  increase  in  mammalian 
predation  on  fawns  due  to  exposure  of  land  brudges  could  have  a  signifi- 
cant adverse  impact  on  fawn  production  in  those  areas  (Tabor  et  al , 
1980;  USFWS.  1979).  Loss  of  riparian  vegetation  due  to  fluctuation  will 
decrease  food  and  cover  available  for  deer. 

2.2.4  Raptors/Nongame  Birds 

Nongame  birds  which  nest  or  feed  on  the  ground  in 
riparian  vegetation  will  be  adversely  impacted  by  fluctuating  water 
levels  that  reduce  riparian  vegetation.  Those  soecies  that  nest  in 
trees  or  shrubs  will  also  be  affected  by  a  i^eduction  in  suitable  nest 
sites.  Cover  sued  by  migrating  birds  will  be  reduced.  Erosion  of 
islands  will  reduce  habitat  for  nestinq  gulls,  terns,  and  herons.  T'ne 
same  potential  for  nest  flooding  exists  ""or  gulls  and  terns  as  for 
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waterfowl.  Raptors  will  be  affected  by  a  reduction  of  suitable  trees 
for  perching  and  by  a  loss  of  prey  species. 

2.2.5  Terrestrial  Mammals 

Water  level  fluctuations  will  affect  terrestrial 
small  mammals  by  reducing  the  amount  of  riparian  vegetation  available 
for  food  and  cover.  Tabor  et  al  (1980)  found  that  rabbits  and  hares 
prefer  to  occupy  riparian  habitat  in  areas  not  greatly  affected  by 
fluctuations.  Larger  predatory  mammals  will  be  affected  by  the  reduction 
in  their  small  mammal  food  supply. 

2.2.6  Upland  Birds 

Upland  birds  use  riparian  habitat  for  nesting  and 
wintering  (Tabor  et  al ,  1980;  Oliver  1969).  A  reduction  of  riparian 
habitat  due  to  fluctuations  will  result  in  decrease  upland  bird  production 
and  upland  bird  wintering  populations  (Oliver,  1972). 


2.3  Land  and  Stream  Alterations 

Land  alteration  results  in  direct  loss  or  degradation  of 
wildlife  habitat  through  removal  of  vegetation  and  fertile  topsoil, 
filling  or  draining  of  wetlands,  replacement  of  native  vegetation  with 
vegetation  that  is  less  beneficial  to  wildlife,  urban  and  industrial 
development,  and  introduction  of  toxic  substances  into  the  environment. 
Land  alterations  are  often  associated  with  hydropower  projects.  Reservoirs 
inundate  roads,  railroads,  and  urban  and  industrial  facilities  which 
must  be  relocated;  construction  requires  borrow  and  staging  sites;  and 
reservoir  operations  cause  erosion  which  often  requires  riprap.  Increased 
human  disturbance  is  a  direct  effect  of  land  alteration  at  least  on  a 
temporary  and  often  on  a  permanent  basis.  This  disturbance  is  a  detriment 
to  many  game  and  nongame  species. 

At  Wells  Reservoir  in  north  central  Washington,  about  27%   of  reservoir 
shorelines  preclude  habitat  development  because  of  erosion,  riprapping, 
urban  development,  and  other  factors  (Oliver,  1972).   In  addition, 
highways  and  railroads  were  relocated  and  occupy  another  120  acres 
adjacent  to  the  reservoir  (Oliver,  1974). 

Stream  alteration  may  be  included  as  part  of  a  hydroelectric  project 
when  it  is  necessary  to  divert  a  stream  around  a  construction  site,  to 
divert  water  from  a  small  stream  into  a  larger  watercourse  where  a 
hydroelectric  facility  is  located,  or  to  increase  the  volume  and  velocity 
of  water  in  a  stream  ir.  order  re  build  up  nead  for  the  operation  of 
hydroelectric  generators.  Stream  alteration  can  be  '^ery   destructive  to 
wildl ire  and  habitat. 
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Diverting  a  stream  around  an  area  or  into  another  stream  or  river  results 
in  the  destruction  of  part  of  the  original  stream  habitat.  Water  quality 
will  decrease  due  to  sedimentation  caused  by  removal  of  vegetation.  The 
new  channel  will  not  have  the  riparian  vegetation  that  was  found  along 
the  banks  of  the  old  channel.  The  riparian  habitat  along  the  old  section 
of  stream  will  be  lost  when  the  supporting  water  source  is  eliminated. 
In  addition,  construction  of  the  new  channel  will  eliminate  habitat  that 
was  used  for  something  else. 

Channelization  for  the  purpose  of  draining  a  wetland  that  interferes 
with  construction  of  hydroelectric  facilities  results  in  the  loss  of 
habitat  that  is  vitally  important  to  the  survival  of  many  wildlife 
species. 

Stream  channelization  for  drainage  purposes  or  to  increase  the  volume 
and  velocity  of  a  stream  results  in  severe  erosion  of  the  streambanks, 
and  decreased  water  quality  due  to  sedimentation.  Binns  (1978)  cites 
the  Salt  River  in  Wyoming  as  an  example  of  a  stream  adversely  affected 
by  channelization.  Bank  stability  has  decreased  along  the  Salt  River, 
the  channel  is  wider,  shallower,  and  less  productive.  Channelization  of 
the  Peabody  River  in  Mew  Hampshire  caused  erosion  (at  one  point  the 
river  is  three  to  four  times  its  original  width)  and  ?ilt  deposition 
downstream  (Yearke,  1971).  Channelization  of  the  Slackwater  River  in 
Mississippi  doubled  the  stream  gradient,  resulting  in  increased  erosion 
on  the  river  and  its  tributaries  (Emerson.  1971)   Barstow  (1971)  estimated 
that  new  economic  losses  of  fish,  wildlife,  and  related  recreation  due 
to  a  channel izat'ion  project  in  the  Obion-rorked  Z''eer   3asin  in  Tennessee 
amounted  to  S2, 235, 595. 00. 
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2.3.1  Upland  Birds 

Land  alteration  associated  with  hydroelectric  development 
affects  upland  birds  through  a  direct  loss  of  habitat.  Construction- 
related  alterations  and  roads  through  riparian  corridors  eliminate 
habitat  used  by  upland  birds  for  nesting,  brooding,  feeding  and  thermal 
cover.  Relocation  of  structures  following  inundation  results  in  further 
disturbance  and  habitat  loss.  Clearing  of  native  vegetation  and  replacement 
with  other  plant  species  will  impact  upland  birds  such  as  ruffed  grouse 
and  sage  grouse  that  are  dependent  upon  specific  native  plant  communities. 
Changes  in  land  use  which  often  follow  hydroelectric  development  such  as 
housing/industrial  development,  monoculture  farming,  and  weed  control 
practices  further  eliminate  habitat  for  upland  birds. 

Stream  alteration  causes  loss  of  nesting,  brooding,  feeding,  resting  and 
wintering  habitat  used  by  upland  birds. 

2.3.2  Terrestrial  Mammals 

Land  and  stream  fllt-prations  cause  a  loss  of  riparian 
ana  other  vegetation  used  by  terrestrial  mammals  for  food  and  for  thermal 
hiding,  resting,  denning,  and  rearing  cover. 
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2.3.3    Big  Game 

Land  alteration  causes  direct  loss  of  winter,  summer, 
and  fawning/calving  habitat  for  big  game  due  to  land  clearing  and 
construction  of  roads  and  facilities.  Roads  cutting  through  areas  used 
by  big  game  cause  problems  related  to  increased  human  disturbance  and 
vehicle-caused  mortality  of  animals,  Lyon  (1979)  found  that  elk  in  western 
Montana  avoid  habitat  next  to  forest  roads,  especially  when  the  density 
of  tree  cover  is  low.  In  the  Blue  Mountains  of  Washington,  deer  and  elk 
avoid  using  meadows  that  are  adjacent  to  roads  (Perry  &  Overly,  1977). 
Ward  et  al  (1980)  found  deer  and  elk  very  sensitive  to  disturbance  by 
humans,  either  walking  on  roads  or  in  vehicles,  particularly  on  winter  range 
where  visibility  was  high.  A  questionnaire  directed  b>  western  States 
with  elk  populations  revealed  that  all  of  the  major  elk-producing  States 
have  had  either  a  decline  or  change  in  distribution  of  elk  due  to  roads 
(Sundstrom  and  Norberg.  1973).  Roads  that  cut  across  migration  routes  create 
a  hazard  for  animals  and  motorists.  Roads  through  big  game  winter  areas 
can  lead  to  disturbance  of  already  severely  stressed  animals.  Fences 
in  association  with  hydroelectric  facilities  can  disrupt  migration.  Bear 
and  cougar  are  likely  to  be  similarly  affected  by  roads,  as  these  animals 
avoid  areas  used  by  people. 

Stream  alteration  causes  a  loss  of  wintering,  fawning,  calv'ng.  and  rearinr 
areas.  Migration  routes  can  be  dis'-'jpted  Dy  rerour'ng  a  stream. 


2.3.4    Waterfowl/Shorebirds 

The  biggest  threat  to  waterfowl  and  shorebirds  from 
land  alteration  is  the  loss  of  wetlands  due  to  draining  and  filling. 
Wetlands  are  used  by  waterfowl  and  shorebirds  throughout  the  Columbia 
Basin  for  nesting,  brooding,  feeding,  and  resting.  Considerable  habitat 
loss   due  to  wetland  drainage  has  already  occurred  in  the  Willamette 
Valley  of  Oregon  and  the  Lower  Columbia  Basin  (PMWRBC,  1971).  Loss  of 
these  areas  adversely  affects  both  resident  birds  and  migrants  by  reduc- 
ing food  and  cover  and  forcing  animals  to  go  elsewhere  to  satisfy  their 
habitat  needs.  Increased  human  disturbance  from  urban/industrial 
developments  around  wetlands  and  introduction  of  toxic  chemicals  into 
the  wetland  environment  causes  degradation  of  these  areas  as  wildlife 
habitat.  Alteration  of  reservoir  shorelines  can  also  affect  waterfowl 
and  shorebirds.  Observations  of  hydropower  reservoirs  almost  universally 
find  waterfowl  feeding  and  loafing  in  shallow  areas  with  gently  sloping 
shoreli.nes  rather  than  in  riprapped  and  eroded  areas. 

Aerial  surveys  of  the  Kissimmee  River  in  Florida  before  and  after 
stream  channelization  revealed  that  duck  counts  declined  from  374  ducks/ 
day  before  channelization  to  50/day  after  channelization  (Montalbano 
et  al  ,  1979).  Virtually  all  of  the  Kissimmee  River  floodplain  wetland 
was  lost  to  channelization.  That  which  exists  today  (?2"-  of  the  original 
acreage)  was  replaced  through  mitigation. 


2.3.5  Aquatic  Mammals 

Wetland  drainage  and  filling  destroys  food  and  den 
sites  used  by  beaver  and  nyskrat.  Drainage  that  occurs  while  young 
animals  are  in  the  den  exposes  them  to  predation.  Clearing  of  vegetation 
along  streams  and  construction  of  roads  and  build'ngs  in  riparian  areas 
destroys  habitat  used  by  all  aquatic  mammals.  Water  quality  degradation 
caused  by  t«>xic  chemical  introduction  and  sedimentation  due  to  vegetation 
removal  along  streams  further  impacts  aquatic  mammals.  Increased  dis- 
turbance by  humans  in  an  area  decreases  suitability  of  that  area  as 
aquatic  mammal  habitat. 

Diversion  or  channelization  of  a  stream  causes  permanent  loss  of  denning 
areas  and  food  sources.  The  resulting  channel  may  be  totally  unsuitable 
as  aquatic  mammal  habitat  because  of  steepness  of  slope  of  the  banks, 
decreased  water  quality,  and  reduction  or  loss  of  food  sources. 

Beaver,  once  abundant  along  the  ?^io  Grande  River,  have  declined  drasti- 
cally due  to  the  diversion  of  water  by  channelization  anri  the  subsequent 
loss  of  riparian  vegetation  (Schmidly  and  Djtton,  1978). 

2.3.6  Raptors/Nongar-e  Birds 

Removal   of  riparian   vegetation   results   in  hr.bitat 
loss   for  T.arry  migrant   and   r-rsioent   nongane   birds   and   ''aptors.        Filling 
and  draining  of  <>/etlands  destroys  naoi:at   jsed  by  '■actors  and  nongame 


birds  for  nesting,  feeding,  brood-rearing,  resting,  and  for  thermal 

and  hiding  cover.  Increased  disturbance  by  humans  associated  with 

hydroelectric  development  drives  some  species  out  of  the  affected 

area.  Introduction  of  toxic  chemicals  into  the  environment  has  been  a 

cause  of  rproductive  failure  and  death  in  birds.  Roads  add  another 
A 

source  of  mortality  to  bird  populations  from  bird-vehicle  collisions. 


Riprapping  of  reservoir  shorelines  is  extremely  damaging  where  these 
alterations  replace  natural  riparian  vegetation  or  even  agricultural 
lands.  A  comparison  of  bird  use  of  four  different  habitat  types  near 
the  Sacramento  River  in  California  (USFWS,  1978)  found  the  following 
species  numbers  and  bird  densities: 

Natural  riparian  vegetation  -  90  species:  8,800  birds/ac. /yr. 

Riprapped  riparian  areas  -  25  species:  620  birds/ac. /yr. 

Agriculture  near  natural  riparian  -  37  species:  12,600  birds/ac. /yr. 

Agriculture  nee-  riprapped  areas  -  25  species:  580  birds/ac. /yr. 

Stream  alteration  causes  loss  of  perch  sites  and  nesting  areas.  Decreased 
water  quality  can  reduce  or  eliminate  the  food  source  of  some  species  sjch 
as  bald  eagle,  osprey,  and  kingfisher. 


Barclay  (1978)  found  a  mean  of  31.4  species  of  birds  on  unchannel ized 
sites  in  Oklahoma  compared  to  a  mean  of  24.4  species  on  channelized 
sites.  Bird  density  on  unchannel ized  sites  was  1,017  birds/hectare/visit/ 
site,  and  only  4.9  birds/hectare/visit/site  on  channelized  sites. 
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2,4  ROW  Siting  and  Management 

The  Bonneville  Power  Administration  (BpA)  indicates  that  high  voltage 
transmission  lines,  those  with  a  capacity  of  230  kV  or  greater,  will 
total  19,200  miles  and  the  rights-of-way  will  occupy  about  290,000  acres 
in  1987  in  the  Northwest  Power  Pool  area  (Oregon,  Washington,  Idaho,  and 
Montana )(USDE,  1980).   In  their  1980  EIS.  BPA  recognizes  the  following 
impacts  of  transmission  lines:  air  quality  impacts,  microclimate  altera- 
tion, accelerated  erosion,  increased  sedimentation,  vegetation  alteration, 
elimination  or  modification  of  wildlife  habitat,  bird  collisions  with 
transmission  lines,  increased  noise,  biological  effects  related  to  the 
electrical  and  magnetic  fields  surrounding  the  transmission  lines, 
damage  to  nontarget  vegetation  from  herbicides  and  visual  impacts 
resulting  from  the  use  of  herbicides. 

Air  quality  impacts  are  expected  to  result  from  burning  of  construction 
debris,  vehicle  emissions,  and  creation  of  dust  during  construction  of 
transmission  facilities.  These  impacts  would  be  most  severe  during  the 
actual  construction  phase.  Microclimatic  alteration  occurs  when  vegeta- 
tion is  removed  from  the  transmission  line  right-of-way  (ROW).   Impacts 
0^  microclimatic  alteration  include  increased  snow  depth  due  to  drifting, 
with  the  result  that  forage  is  buried  and  travel  of  animals  is  impeded; 
increased  wind  velocity  in  the  unvegetated  area,   causing  animals  to 
avoid  that  are   during  cold  temcerature  periods;  and  increased  ground 
tempera-cure  during  the  summer,  causing  animals  to  avoid  the  unvegetated 
area  during  high  temperature  periods  (Thompson,  1977),   Sedimentation 
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can  occur  where  access  roads  cross  streams,  and  where  soil  from  construc- 
tion areas  is  carried  into  streams.  Vegetation  alteration  occurs  when 
timber  and  woody  vegetation  are  removed  from  the  ROW  for  construction 
and  maintenance.  Vegetation  control  is  an  ongoing  activity  of  transmis- 
sion rights-of-way  involving  periodic  removal  of  vegetation  thought  to 
cause  a  threat  to  transmission  facilities.  Elimination  or  modification 
of  wildlife  habitat  is  an  effect  of  vegetation  alteration  as  plants 
provide  most  of  the  cover,  and  either  directly  or  indirectly  supply  food 
to  all  animals.  Bird  collisions  with  transmission  lines  have  been 
documented  for  waterfowl,  ring-necked  pheasant,  sage  grouse,  and  sandhill 
crane  (Anderson,  1978;  Cornwell  and  Hockbaum,  1971;  Harrison,  1963; 
Krapu,  1974)  as  well  as  other  species.  Increased  noise  from  the  "hum" 
associated  with  high-voltage  lines  has  not  been  proven  conclusively  to 
cause  avoidance  of  an  area  by  big  game,  but  may  affect  smaller  animals 
(Thompson,  1977).  The  possible  biological  effects  related  to  electrical 
and  magnetic  fields  surrounding  transmission  lines  is  not  well  understood 
and  needs  further  study  (Thompson,  1977).  The  use  of  herbicides  to 
control  vegetation  on  rights-of-way  has  been  a  source  of  conflict  between 
utility  companies  and  wildlife  biologists  for  some  time  (Egler,  1953  and 
1957;  Thompson,  1977).  Broadcast  or  blanket  herbicide  spraying  is  the 
easiest  and  cheapest  method  and  creates  an  abrupt  edge  between  the  ROW 
and  the  adjacent  vegetation  by  destroying  all  broad-leafed  forbs,  shrubs, 
and  trees  within  the  ROW.  It  is  sometimes  claimed  that  this  creation  of 
edge  is  beneficial  to  wildlife  and  increases  animal  species  diversity, 
numbers,  and  abundance  in  the  ROW.  This  claim  is  based  upon  the  premise 
that  the  growth  of  serai  shrubs  and  forbs  in  a  forest  opening  will 
encourage  the  immigration  of  animals  dependent  upon  serai  vegetation-- 
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species  that  could  not  live  in  a  closed-canopy  forest.  The  actual 
advantage  to  wildlife  gained  by  clearing  a  ROW  depends  upon  the  ability 
of  the  area  to  revegetate,  the  usefulness  to  wildlife  of  the  plant 
species  that  become  established  in  the  ROW,  the  availability  of  cover 
adjacent  to  the  ROW,  and  the  quality  of  the  surrounding  habitat  (Thompson, 
1977),  In  a  moist,  forested  climate  such  as  that  found  on  the  west  side 
of  the  Cascades,  a  cleared  ROW  may  quickly  revegetate  with  shrubs.  In 
the  arid  portions  of  Washington,  Oregon,  and  Idaho,  this  is  not  the 
case.  Also,  in  dryer  areas,  vegetation  of  a  size  and  quantity  to  provide 
adequate  cover  for  wildlife  is  often  in  short  supply,  and  additional 
losses  are  undesirable.  The  extremely  large  length-to-width  ratio  of  a 
ROW  corridor  limits  the  diversity  of  the  edge  created  and  also  limits 
the  diversity  of  animals  found  in  the  ROW.  Because  ROW  corridors  are  so 
narrow,  the  plant  species  that  pioneer  in  them  are  often  the  same  species 
found  in  the  understory  of  the  adjacent  forest.  The  result  if  that  the 
animal  species  already  found  in  the  forest  understory  are  the  ones  most 
likely  to  be  found  in  the  ROW  (Thompson,  1977). 

An  additional  impact  on  wildlife  from  ROW  construction  is  the  construction 
of  access  roads  and  subsequent  increase  in  public  use  of  an  area.  Dis- 
turbance of  animals  by  humans  as  a  result  of  access  roads  has  been  cited 
as  a  detriment  to  wildlife  by  many  authors  (Lyon,  1979;  Sundstrom  and 
Norberg,  1973). 

Rights-of-way  through  roadless  areas  may  adversely  affect  animals  such 
as  cougar  wo Iverine,  spotted  owl.  and  marten,  that  require  large  tracts 
of  undisturbed  forest. 


2.4.1  Big  Game 

Location  of  rights-of-way  through  winter  range  or 
fawning  areas  or  across  migration  routes  can  adversely  affect  big  game. 
Growth  of  browse  as  a  result  of  clearing  a  ROW  corridor  may  be  beneficial 
on  a  winter  range  but  not  on  a  summer  range  where  forage  is  not  limiting 
and  cover  is  important  for  protection  from  the  sun.  Usefulness  of 
forage  created  by  clearing  a  ROW  in  a  forest  depends  upon  the  plant 
species  that  become  established,  the  amount  of  cover  available,  the 
willingness  of  an  animal  to  venture  into  the  opening  created  by  the  ROW, 
the  method  and  frequency  of  vegetation  control  practices  by  the  utility, 
and  the  accessibility  of  the  area  to  big  game. 

Unrestricted  access  roads  will  often  mean  increased  hunter  pressure. 
The  extensive  line-of-sight  created  by  a  cleared  ROW  corridor  may  make 
big  game  more  susceptible  to  hunter  kill  or  restrict  big  game  movement. 
Logging  and  associated  road  construction  in  Montana  have  necessitated 
more  restrictive  elk  hunting  regulations  (Thompson,  1977).  ROW  access 
roads  could  cause  «;imilar  problems.  Rights-of-way  that  bisect  migration 
routes  could  impact  big  game  if  animals  were  reluctant  to  cross  the 
opening. 

2.4.2  Upland  Birds 

The  main  threat  to  upland  birds  from  ROW  location 
and  management,  is  ^rom  loss  of  rioarian  cover,  which  has  been  shown  to 
be  important  to  upland  game  ai   all  life  stages  (Oliver,  1969).  "The 
change  in  microclimate  due  to  vegetation  renoval  could  have  severe 
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adverse  effects  during  periods  of  high  or  low  temperature.  Construction 
during  the  nesting  period  can  result  in  destruction  or  abandonment  of 
nests.  Bird  collisions  with  transmission  lines  have  occurred  with  some 
species  including  ring-necked  pheasant  (Krapu,  1974)  and  sage  grouse 
(Borell,  1939). 

2.4.3  Terrestrial   Mammals 

Some  "wilderness"  mammals  which  are  restricted  for 
the  most  part  to  roadless  areas,  could  suffer  from  construction  of 
rights-of-way  and  access  roads  through  their  habitat  (Thompson,  1977). 
Immigration  of  grassland  small  mammals  into  a  newly  created  ROW  through 
a  forest,  will  not  happen  unless  there  is  a  grassland  nearby  to  serve  as 
a  source  of  those  mammals  (Thompson,  1977).  Access  roads  increase  the 
potential  for  harassment  of  terrestrial  animals.  Removal  of  vegetation 
and  fallen  logs  can  eliminate  denning  and  rearing  habitat  for  some 
species. 

2.4.4  Waterfowl 

Anderson  (1978)  determined  that  200-400  waterfowl 
(0.2-0.4'-  of  the  maximum  number  present)  were  killed  each  fall  from 
1973-1979  by  colliding  with  high  voltage  transmission  lines  that  crossed 
a  32  ha.  pond  in  Illinois,  Cornwell  and  Hochbaum  (1971)  and  Harrison 
(1973)  also  report  incidences  of  water-f^owl  niortality  due  to  collision 
with  hicih  voltage  power  lines.   Hecreased  .-/ater  quality  'n  a  stream  due 


31 


to  sedimentation  that  is  a  result  of  SOW  clearing  can  degrade  nesting/brood- 
ing habitat  for  species  such  as  harlequin  ducks  and  hooded  merganser*;. 

2.4.5  Aquatic  Mammals 

The  main  threat  to  aquatic  mammals  from  ROW  construc- 
tion is  a  decrease  in  water  quality  due  to  sedimentation  or  the  introduc- 
tion of  herbicides  into  the  aquatic  environment.  Sedimentation  in  a 
stream  can  occur  when  ROW  vegetation  is  cleared  or  an  access  road  is 
built  across  a  stream  (Day  and  Carvel! ,  1978). 

2.4.6  Nongame  Birds/Raptors 

A  preliminary  investigation  of  rights-of-way  in 
Montana  has  indicated  little  if  any  increase  in  number  or  abundance  of 
birds  in  a  ROW  compared  to  the  adjacent  forest  (Thompson,  1977).  ROW 
corridors  in  an  eastern  deciduous  forest  had  a  lower  bird  species  diversity 
than  the  undisturbed  forest  (Andersen  et  al .  1977).  Some  forest  birds, 
such  as  the  spotted  owl,  require  large  unbroken  tracts  of  forest  (Newton, 
1981)  and  may  be  eliminated  from  areas  where  forests  are  broken  up  by 
rights-of-way  and  access  roads.  Raptors  on  transmission  soles  are 
vulnerable  to  illegal  shooting  (Ellis  et  al ,  1969).  Electrocution  of 
raptors  and  other  birds  perched  on  transmission  facilities  has  been 
documented  (Anderson,  1933;  Boe<er  and  Nickerson.  i975;  Nelson  and 
Nelson,  1976).  Removal  of  snags  during  ROW  construction  is  detrimental 
to  cavitynesting  birds  such  as  woodpeckers  ar.i   bluebirds  (Thomoson. 
1977). 
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3.0  Measures  and  Locations  to  Protect,  Mitigate,  and  Enhance  Wildlife 
and  Habitat  Impacted  by  Development  and  Operation  of  the  Columbia 
River  Basin  Power  System 

3.1  Existing  Projects/Operational  Changes 

3.1.1    Measures  and  Locations  -  Protection 

a.   Avoid  flooding  of  important  islands,  shorelands, 
and  riparian  habitats  used  by  wildlife. 

The  importance  of  riparian  habitat,  islands,  and  shorelands  to  wildlife 
has  been  emphasized  by  many  authors  (Oliver,  1974  and  1969;  Oliver  et 
al,  1966;  Tabor  et  al ,  1980;  Stevens  et  al,  1977;  USFWS,  1979;  Ohmart  et 
al ,  1977;  Johnson  et  al ,  1977).  Construction  of  hydroelectric  projects 
usually  involves  inundation  of  large  acreages  of  such  habitat.   For 
example,  the  Wells  Hydroelectric  project  on  the  Columbia  inundated  5,542 
acres  of  habitat  (Oliver  and  Barnett,  1966),  and  the  Mayfield  and  Mossyrock 
projects  on  the  Cowlitz  River  in  Washington  inundated  13,535  acres  of 
habitat  (Oliver  et  al ,  1966).   In  view  of  the  importance  of  these  types 
of  habitat,  it  is  recommended  that  future  operational  changes  at  existing 
projects,  such  as  pcol  raises,  avoid  further  loss  of  riparian  and  island 
habitat.  Some  areas  to  be  protected  include,  but  are  not  limited  to: 

John  Day  dooI  goose  nesting  and  fawning  islands 
McMary  pool  nestinq/brcoaing  areas 
Bridgeport  Bar  islands  in  Wells  ^ool 
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Goose  pasture  at  Buckshot  Ranch-Priest  Rapids 

b.  Avoid  short-term  fluctuations  which  flood 
islands,  shorelands,  and  riparian  habitats  used  by  wildlife  during 
critical  or  important  use  periods. 

Critical  nesting/denning  periods  for  wildlife  groups  of  the  Columbia 
mainstem  have  been  established  by  Tabor  et  al ,  (1980),  and  are  as  follows; 

Canada  goose  nesting:  late  February  through  mid-June. Duck  nesting: 
mid-March  through  mid-June.  Colonial  birds  nesting:  early  March 
through  August,  Beaver  and  muskrat  denning:  February  to  mid- 
September, 

c.  Establish  general  minimum  and  maximum  water 
levels  during  key  use  periods  by  wildlife. 

Fielder  (1978)  has  determined  monthly  maximum  fluctuation  and  maximum 
and  minimum  river  elevation  tolerable  for  wildlife  activities  in  each 
reach  of  the  Columbia  and  Snake  Rivers.  This  measure  is  recommended  for 
the  entire  Columbia  River  watershed. 

3.1.2    Measures  and  Locations  -  Mitigation 

a.   Replace  riparian  vegetation  at  levels  above 
maximum  pool  elevation. 
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This  may  require  cultivation,  irrigation,  and  fertilization.  Success 
with  this  mitigation  technique  is  being  experienced  along  the  Snake 
River  where  upland  game  birds,  waterfowl,  deer,  and  nongame  species  are 
being  aided  by  the  planting  and  irrigation  of  trees,  shrubs,  forbs,  and 
grasses  (Mudd  et  al ,  1980).  Planting  and  irrigation  are  necessary  to 
avoid  a  lapse  of  10+  years  while  natural  revegatation  occurs.  Mudd  et 
al  (1980)  found  that  only  99  ha.  of  the  454  ha.  of  riparian  cover  that 
were  inundated  by  the  construction  of  the  four  Lower  Snake  River  dams 
have  naturally  revegetated.  Most  of  this  revegetation  has  occurred  in  Ice 
Harbor  and  Lower  Monumental  projects  which  have  been  in  place  14-18 
years. 

Replacement  of  riparian  vegetation  was  conducted  on  two  test  plots  on 
the  Colorado  River  (Anderson  and  Ghmart,  1979).  Six  months  after  planting, 
bird  densities  had  increased  by  50%  equalling  levels  found  in  the  most 
abundant  riparian  vegetation  types.  After  11  months,  the  number  of 
avian  species  in  the  planted  areas  was  equal  to  or  greater  than  the 
number  of  species  in  typical  riparian  sites. 

Creation  of  live  streams  by  use  of  pump  lifts  is  another  technique 
showing  oromise  for  replacing  riparian  vegetation.  The  Columbia  Basin 
has  many  intermittent  and  dry  watercourses  emptying  into  reservoirs. 
Creating  seasonal  or  permanent  flows  presents  many  opportunities  for 
fish  and  wildlife  mitigation  and  enhancement. 

ReconiT^endea  sites  for  replacement  of  riparian  vegetation  are  all  Columoia 
River  drainage  reservoirs.  A  recommended  site  for  creating  a  live  stream 
is  Alkali  Flat  Creek,  which  oarallels  Little  Goose  and  Lower  Monumental 
Reservoirs.  O'^ar   30  miles  of  live  stream  could  be  created  at  tnis  site. 


b.   Create  sub  impoundments  not  subject  to  fluctuation 
to  provide  new  brooding  and  rearing  habitat,  secure  den  sites,  and 
provide  aquatic  and  riparian  plant  food  and  cover. 

Stabilized  water  levels  during  the  growing  season  promote  the  development 
of  pond  weeds,  aquatic  plants,  and  wetland  vegetation,  providing  food 
and  cover  for  wildlife  (Bellrose  and  Low,  1978).  Subimpoundments  should 
be  created  by  diking  suitable  shallow  reaches,  sloughs,  and  wetland 
areas,  and  controlling  water  levels.  By  controlling  water  levels  season- 
ally, general  wetland  fertility  and  emergent  and  aquatic  vegetation 
production  can  be  increased  (Kadlec,  1962;  Linde,  1969;  Christiansen  and 
Low,  1970).  Groen  and  Schroder  (1978)  and  other  authors  have  found  that 
waterfowl  use  of  certain  areas  increased  due  to  the  creation  of  subimpound- 
ments.  In  addition,  other  wildlife,  including  aquatic  mammals,  certain 
upland  birds,  raptors/nongame,  and  certain  big  game  may  benefit  from 
subimpoundments  (Enyeart.  1973;  Wood  et  al,  1980).  Locations areentire 
Columbia  River  drainage.  Specific  site  recommendations  for  subimpound- 
ments (from  Tabor  et  al ,  1980)  include: 

Below  Bonneville  -  Washington  shore  (RM  123):  Sand  Island  (slough 
at  SW  end)  (RM  131):  Arthus  Lake  (RM  137-139):  Pierce  Island  (slough 
in  center  or  island)  (RM  142);  Ives  Island  (slough  near  no^th 
shore)  (RM  U2.7). 

Bonneville  Pool  -  Oregon  shore  (RM  152.1);  Oregon  shore  (RM  156.5); 
Creqcn  shore  (RM  182.3);  Oregon  shore  (RM  183.2);  and  Oregon  shore 
(RM  190-191). 
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The  Dalles  Pool  -  Oregon  shore  (RM  197);  Oregon  shore  (RM  210-212). 

John  Day  Pool  -  Whitcomb  Island  slough  (RM  255.5-269.2);  several 
small  sloughs  on  Washington  shore  (RM  273-276);  Oregon  shore  (RM 
272-274);  Patterson  Slough  (RM  278-280):  one  large  subimpoundment 
or  several  small  ones;  and  Washington  shore  (RM  290.3). 

McNary  Pool  -  Slough  on  south  bank  of  mouth  of  Walla  Walla  River; 
Slough  on  north  bank  of  mouth  of  Walla  Walla  River;  one  large  or 
several  small  subimpoundments  at  mouth  of  Burbank  Slough  (RM  318): 
several  sloughs  on  east  shore  (RM  323-324.5):  and  many  possibilities 
in  Yakima  River  delta  area  (RM  334.5-335). 

Hanford  Reach  -  Wooded  Island  sloughs  (RM  348.5-350);  sloughs  on 
east  bank  (RM  351);  sloughs  on  Island  (RM  352);  Savage  Island 
slough  (RM  356.5-359.5);  west  bank  (RM  362.5):  sloughs  on  west  bank 
(RM  365-367):  slough  on  east  bank  (RM  367.5-368);  slough  on  east 
bank  (RM  370);  slough  on  west  bank  (RM  370).  Biological  desira- 
blity  of  diking  these  sloughs  should  be  carefully  evaluated  because 
of  potential  anadromous  and  resident  fish  use.  Stabilization  of 
the  entire  Hanford  Reach  is  preferred. 

Wells  Pool   -  Park  Island  slough  (RM  537) 
Chief  Joseph  Pool  -  RM  568. 5l  and  RM  576. 4L 

Brooding  areas  for  ducks  should  be  created  and  managed  near  the  sites  of 
existing  and  constructed  nesting  areas.   The  hab'tat  value  of  wetland 
areas  is  limited  if  they  lack  open  water.  Construction  of  ocnds  in 
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suitable  areas  can  increase  interspersion  and  edge  between  open  water 
areas  and  vegetation,  which  may  improve  habitat  conditions  for  a  wide 
variety  of  wildlife  (USFWS,  1978).  Lokemoen  (1973),  Sue  et  al ,  (1952), 
and  Mundinger  (1976)  have  noted  a  high  breeding  and  brooding  use  of 
constructed  ponds  by  mallards,  teals,  pintails,  and  coots.  Aquatic 
furbearers  and  nongame  species/raptors  would  also  benefit  from  pond 
construction  (Oakerman,  1980).  All  new  and  existing  subimpoundments  and 
ponds  should  be  managed  to  promote  production  of  desirable  aquatic 
plants  eaten  by  ducks  (Tabor  et  al ,  1980).  Other  useful  duck  management 
activities  in  these  areas  would  include  elimination  of  carp,  water  level 
control,  fertilization,  improvement  of  water  clarity,  and  establishment 
of  desirable  aquatic  plants.  Several  sloughs  on  the  Columbia  River  have 
the  potential  for  subimpoundment  and  pond  development,  but  the  feasibility 
(engineering)  and  desirability  (biological)  of  development  should  be 
carefully  evaluated  on  a  site-to-site  basis  (Tabor  et  al,  1980).  A  few 
potential  sites  are   the  sloughs  listed  above  for  creation  of  subimpoundments. 

c.   Zone  or  dedicate  reservoirs  or  reaches  with 
high  wildlife  potential  for  wildlife  management  by  pool  stabilization 
and  intense  shoreland  management  for  wildlife  in  suitable  sites.  Tech- 
niques include  bank  sculpturing,  reef  construction,  fencing,  etc. 

'lational  refuges  and  State  wildlife  management  areas  located  along  the 
Columbia  River  reservoirs  successfully  increased  wildlife  populations 
and  use  via  habitat  nanipulation  and  limitation  of  non-wildlife  uses, 
'''c.'iary  Gapie  Range  is  cne  example  o^  such  an  irea   (Civer,  1967).  Sta- 
bilization of  speci'^^ic  reservoirs  or   reaches  with  high  wildlife  poten- 
tial, and  intense  nanage'^erit  for  wildlife  co'jld  se'"ve  in  t.ie  absence 


of  systemwide  controls  or  regulation  for  wildlife.  Examples  are  John 
Day  and/or  McNary  Pools,  Hanford  Reach,  Wells,  Lower  Granite,  and  Hells 
Canyon/Asotin  reach. 

Many  banks  along  the  Columbia  River  mainstem  currently  are  not  able  to 
support  riparian  vegetation  due  to  terrain  limitations  and/or  development 
along  the  shorelines  (Tabor  et  al ,  1980).  Grading  of  disturbed  or 
unproductive  shorelines  to  produce  more  gradual  slopes  or  terraces  may 
allow  riparian  and  wetland  vegetation  to  become  established.  Grading  of 
banks  should  be  accomplanied  by  construction  of  offshore  riprap  breakwaters, 
designed  to  reduce  wave  action  of  maximum  pool  elevations  in  order  to 
check  erosion  and  protect  developing  vegetation. 

Wildlife  agencies  having  legal  responsibility  to  protect,  maintain, 
perpetuate,  and  improve  fish  and  wildlife  resources  are  often  victimized 
by  authorized  use  of  public  shorelands  at  hydroelectric  project  reservoirs. 
This  often  occurs  on  project  lands  where  wildlife  mitigation  has  been 
accomplished  but  which  have  not  specifically  been  designated  for  wildlife 
mitigation.  Reestabl ishment  of  riparian  vegetation  often  precedes  con- 
flicting development  of  shorelines.  Wildlife  populations  build;  wildlife 
agencies  immediately  assume  responsibility  to  manage  and  preserve  these 
resources  that  development  agency  permitting  processes  allow  to  be 
destroyed.  Agencies  apparently  have  little  or  no  I'ecourse. 

Some  'jnr.ii  ti  gated,  but  authorized,  uses  of  public  shorelands  include: 

1.   Irrigation  pumping  plants  -  Directly  occupy  ricarian  habitat; 
serious  seconda'^y  impact?  include  conversion  of  big  game 
winte-'  range  (Colombia  and  Snake  divers). 


2.  Industrial  and  recreational  developments  -  Directly  occupy  and 
destroy  riparian  habitat,  introduce  harassment  and  disturbance 
factors,  pollution,  and  often  dredging  and  spoil  disposal 
(Columbia  and  Snake  Rivers). 

3.  Private  use  facilities  -  PUD's  often  permit  private  use  of 
shorelands,  allowing  pumping  plants,  orchards,  pastures,  boat 
docks,  lawns,  garbage,  fencing,  etc.,  that  exclude  wildlife 
and  public  use  (Mid-Columbia  PUD's). 

4.  Transmission  corridors  -  Sometimes  cross  wildlife  mitigation 
projects  (Crow  Butte,  McNary  WRA.  etc.). 

Proposed  corrective  actions  include: 

1.  Requiring  mitigation  of  wildlife  impacts  through  existing 
permit  systems; 

2.  Disallow  wildlife  habitat  to  develop  on  reservoir  shorelands 
not  designated  for  wildlife;  or 

3.  Designating  wildli*"e  as  a  principal  use  of  public  shorelands, 
requiring  conflicting  uses  to  pursue  otner  cnannels  for  permis- 
sion to  develop. 
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Low-lying  pastures  not  extensively  used  by  wildlife  can  be  diked  and 
flooded,  producing  backwater  areas  filled  via  high  pool  elevations 
and/or  heavy  rainfall.  These  backwater  areas  would  benefit  waterfowl, 
nongame  birds,  aquatic  mammals,  and  furbearers  (Mudd  and  Merker,  1977). 
Similar  areas  can  be  created  by  excavating  higher  unproductive  lands, 
producing  shallow  backwaters  available  for  colonization  by  a  variety  of 
wildlife  and  wetland  vegetation. 


All  riparian,  wetland,  and  other  areas  used  by  wildlife  should  be  fenced 
to  exclude  livestock  while  allowing  passage  of  wildlife  species.  No 
grazing  system  has  been  shown  to  be  effective  in  protecting  riparian 
vegetation  (Behnke,  1979).  Exclusion  of  livestock  will  improve  habitat 
conditions,  providing  for  increased  waterfowl  and  upland  game  bird 
nesting  densities  and  success  (Duebbert,  1969;  Duebbert  and  Lokeman, 
1976;  Getting  and  Dixon,  1975;  Baxter  and  Wolfe,  1973). 

Planting  in  the  fluctuation  zone  should  use  species  which  will  survive 
periodic  short-term  fluctuations  (Tabor  et  al,  1980).   Planting  of 
flood-resistant  tree  species  in  the  fluctuation  zones  of  reservoirs  in 
Tennessee  has  been  successful  in  providing  additional  habitat  (Bates  et 
al ,  1978),   Backwater  areas  should  also  be  planted  with  species  able  to 
withstand  periodic  flooding  and  drying.   During  extended  periods  of 
water  level  drawdown,  exposed  banks  should  be  seeded  with  quickly  sprout- 
ing native  grasses.   This  technique  will  help  to  stabilize  banks  and 
provide  food  for  waterfowl,  big  game,  and  aquatic  ~iamma1s.  Fish  will 
also  benefit  when  seeded  banks  are   reflooded  (USFWS,  1973).   To  be 
effective,  planting  of  exposed  banks  must  be  combined  with  a  plan  for 
seasonal  manipulation  of  ihe  reservoir  pool  (USFWS.  1978).   Planting  of 


exposed  banks  has  been  successful  in  creating  elk  pasture  at  Lookout 
Point  Reservoir  in  Oregon  (Dan  Carleson,  Oregon  Dept.  of  Fish  &  Wild!., 
pers.  comm. ). 

Recommended  sites  are  all  Columbia  River  drainage  reservoirs. 

d.   Improve  wildlife  carrying  capacity  of  undisturbed 
portions  of  impacted  sites  by  vegetation  management;  reducing  disturbance; 
supplying  food,  cover,  and  water;  and  eliminating  existing  land/water 
management  conflicts. 

This  has  been  done  on  the  Wells  Wildlife  Recreation  area  in  Brewster, 
Washington,  which  was  acquired  as  mitigtation  for  Wells  0am.  Management 
practices  include  planting  of  food  plots,  restriction  of  grazing,  and 
placement  of  guzzlers  and  feeders  for  upland  birds.  Wells  WRA  provided 
11,059  user-days  of  recreation  (consumptive  and  nonconsumptive)  in  1976 
(WDG,  1976). 

Wildlife  value  of  overgrazed  pastures  can  be  improved  by  planting  various 
vegetation  species  to  produce  food  and  cover.  Adjacent  to  woody  cover, 
plantings  of  small  food  catches  (.1  to  1  acre)  of  mixed  cereal  grains 
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and  forbs  and  larger  fields  of  grain  or  corn  can  be  used  to  increase 
food  and  cover  for  wildife  (Leopold  et  al ,  1939;  USDA,  1969;  USFWS, 
1978).  Introducing  woody  plants  of  various  species  into  pastures  can 
increase  habitat  diversity  and  value  to  wildlife  (USDA,  1969,  and  Thomas 
et  al ,  1979).  Where  elk  are  using  existing  pastures  or  where  it  is 
desirable  to  attract  elk,  reseeding  large  pastures  with  clover  grass  and 
oats  can  increase  their  value  to  elk  (Mereszczak,  1978). 

Food/cover  value  of  existing  woody  vegetation  can  be  improved  in  many 
ways.  Mowing  and/or  fertilizing  shrubs  increases  sprouting  and  seed 
establishment,  which  increases  quantity  and  quality  of  browse  produced 
(Taylor  and  Johnson,  1976;  Dasmann  et  al,  1967). 

Creation  of  small  clearings  in  coniferous  forest  stands  will  increase 
cover/forage  edges  and  plant  structure  diversity  and  therefore  improve 
habitat  value  to  wildlife  (Thomas  et  al,  1979).  Redisturbances  should 
occur  between  7  and  15  years  (Brown,  1961;  Thomas  et  al ,  1979,  1979; 
Taylor  and  Johnson,  1976;  Sharp,  1963).  Deer  and  elk  should  make  exten- 
sive use  of  these  clearings  along  with  ruffed  grouse  and  other  bird 
species  (Thomas  et  al ,  1979;  Webb  et  al ,  1977;  Lay.  1933;  Brewer,  1980). 
All  old  growth  and  broad  leaf  trees  and  snags  should  be  retained  (Oakerman, 
1980). 

Recommended  locations  include  all  Columbia  River  drainage  reservoirs. 

e.   Regular?  water  levels  during  critical  use 
periods--generally  early  February  to  midJune  for  geese  and  ducks;  April 

to  June  for  beaver. 
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Regulation  of  water  level  elevation  during  nest  and/or  den  site  selection 
should  encourage  animals  to  nest  above  maximum  water  elevation.  Maximum 
water  level  elevation  expected  during  the  nesting/denning  period  should 
be  reached  frequently  (at  least  once  every  3-5  days)  during  daylight 
hours  of  the  nest/den  selection  period  (Tabor  et  al ,  1980;  USFWS,  1978). 

Nest  and  site  selection  periods  on  the  Columbia  mainstem  have  been 
identified  by  Tabor  et  al  (1980): 

Canada  goose  nest  site  selection:  early  February  to  mid-May 
Duck  nest  site  selection:  early  March  to  mid-June 
Beaver  den  site  selection:  February  through  June 
Muskrat  den  site  selection:  February  through  June 

Nesting  and  denning  periods  on  the  Columbia  mainstem  are  as  follows 
(Tabor  et  al ,  1980): 

Canada  goose  nesting:  late  February  through  mid-June 
Duck  nesting:  mid-March  through  mid-June 
Colonial  birds,  nesting:  early  March  through  August 
Beaver  and  muskrat,  denning:  February  to  mid-September 

In  no  case  should  water  levels  be  higher  during  nesting/deming  oeriod 
that  during  the  nest/den  selection  period.  Fielder  (1973)  has  determined 
monthly  maximum  fluctuation,  maximum  and  minimum  river  elevation  tolerable 
for  wildlife  activities  in  each  reacn  of  the  Co''umbia  and  Snake  ^.i/ers. 
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Seasonal  manipulation  of  water  levels  should  be  planned  to  benefit 
wildlife.  USFWS  (1978)  presents  a  typical  schedule  of  water  level 
control  to  benefit  wildlife.  Individual  plans  should  consider  species 
present,  timing  of  various  life  cycle  stages,  and  the  operational  require- 
ments of  the  specific  reservoir  (USFWS,  1978). 

This  mitigation  effort  should  be  employed  in  all  Columbia  River  drainage 
reservoirs. 

f.   Create  and  manage  new  brooding  areas  for  Canada 
geese  near  nesting  islands  by  planting  and  irrigating  portions  of  the 
shoreline  above  maximum  pool. 

Creation  of  brooding  areas  along  the  Columbia  River  has  been  successful 
in  the  past  in  increasing  waterfowl  populations  and  providing  additional 
recreational  opportunities.  Maintenance  of  brooding  pastures  at  McNary 
Game  Range  in  Washington  has  been  instrumental  in  increasing  Canada 
goose  production  in  that  area.   In  1967,  it  was  estimated  that  management 
of  nesting  and  brooding  areas  at  Mc'Jary  resulted  in  goose  production 
that  was  five  times  greater  than  prior  to  filling  McNary  Pool  (Oliver. 
1967).  This  additional  goose  production  provided  394  man-days  of  recrea- 
tion worth  31,694.20  annually  (1967  figures). 

Vegetation  at  new  brooding  areas  should  be  near  t"e  .•^ater   at  minimum 
pool.  To  achieve  this,  the  shoreline  should  have  a  steep  slnpe  from  low 
pool  level  to  Slightly  above  high  pool  level  ["Tabor  et  al.  1930)   All 
sites  should  be  grazed  or  mowed,   Food  olants  used  by  geese  shoul-  be 
established  in  the  area,  Some  recomnended  sires  for  new  broodinq  areas 
(from  Tabor  et  al ,  1930)  include: 
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John  Day  Pool  -  Washington  and  Oregon  shores  (RM  274-251)  Washington 
shore  (RM  252-254),  Oregon  shore  (RM  253-258)  Oregon  shore  (RM  279) 

Hanford  Reach  -  several  sites  on  east  shore  (RM  355-366)  White 
Bluffs  ferry  site  on  east  shore  (RM  369-370) 

Wells  Pool  -  Washburn  Island  (RM  567-568) 

Specific  existing  brooding  areas  that  should  be  modified  or  managed 
include: 

Bonneville  Pool  -  Government  Cove  (RM  151.5L) 

The  Dalles  Pool  -  Deschutes  Park  (RM  204)  and  Big  Miller  Island  (RM 
203-205.5) 

John  Day  Pool  -  Crow  Butte  Park  (RM  263)  and  Whitcomb  Island  (RM 
266-268) 

McNary  Pool  -  Curlew  Peninsula  (RM  319-321),  Two  Rivers  Park  (RM 
324.5),  and  Chiawana  Park  (RM  334) 

g.   Ir.prove  exisfng  island  rsabitats  and  create  new 
islands  for  nesting,  -^awning,  denning,  broodirg,  and  rearing. 

(i)  -rotect  islar.as  from  erosion  using  riprap, 

pilings,  or  log  rafts.  Material  shcu'd  Ir-e  olaced  5-10  m.  from  the 

eroding  shoreline,  witn  cpenir,qs  Z-3  n.     v/l.:'?  at  20-30  n.    intervals  to 
allow  access  by  swirming  animals  (Tabor  at  al,  1930).      Lj i 


Erosion  of  existing  islands  is  a  serious  problem  in  the  Columbia  and 
Snake  River  mainstems.  Tabor  et  al  (1980)  found  that  98%  of  goose  nests 
in  the  Columbia  River  occurred  on  islands.  Valuable  cover  can  be  lost 
v;hen  shorelines  erode  or  are  severely  undercut  and  slough  into  the  water 
(USFWS,  1978).  Banks  can  be  stabilized  by  various  techniques,  including 
offshore  riprap,  gabions,  or  log  rafts.  Location  of  offshore  riprap, 
pilings,  or  log  rafts  according  to  the  above  scheme  should  protect 
islands  from  erosion  by  waves,  while  allowing  development  of  riparian 
and  wetland  vegetation  and  access  by  wildlife  (Tabor  et  al ,  1980). 

Some  islands  identified  as  needing  protection  (from  Tabor  et  al ,  1980), 
are  located  at  RM  112,  116,  117.  124,  125,  136,  178,  197,  203,  254,  256, 
274,  275,  317,  322,  536,  537.5  in  the  Columbia  River. 

(2)  Build  new  islands  for  nesting,  fawning, 
denning,  rearing,  and  brooding.  The  best  locations  are  at  sites  of 
former  islands  or  near  existing  or  potential  brooding  areas.  Dredge 
spoil  can  be  used  to  construct  new  islands,  but  soil  should  be  of  high 
enough  quality  to  support  vegetation.  Dredged  material  has  been  used 
successf^jl  ly  in  the  past  to  create  wildlife  habitat  (Hunt,  1979). 
Constructed  islands  have  proven  successful  in  attracting  waterfowl 
(Linde,  1969).  Gosling  production  at  Canyon  Ferry  Reservoir  in  Montana 
has  tripled  since  the  construction  of  nesting  islands  (Childress  and 
Eng,  1979;.  '^an-made  'slands  are  also  being  used  sijccess^ully  to  orovide 
habitat  for  the  endangered  Yuma  clapoer  rail  at  'opcock  Marsn  in  Arizona 
(USFws,  1978).  Some  recommended  locations  *or  construction  of  new  goose 
nesting  islands  include  (fron  'acor  et  al  ,  1980): 
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John  Day  Pool  Near  Willow  Creek  (RM  250-254),  in  Willow  Creek 
backwater  (RM  253),  near  Irrigon  (RM  280-284) 

McMary  Pool  -  Between  Badger  and  Foundation  Islands  (RM  318-322) 
and  near  mouth  of  Walla  Walla  River  (RM  314-317) 

Chief  Joseph  Pool  -  Condon's  Ferry  (RM  568. 5L),  China  Mines  (RM 
576. 4L),  Goose  Island  (RM  568.5),  riespelen  Bar  (RM  581.7),  and 
Short's  Island  (RM  582.7) 

Islands  to  benefit  nesting  ducks  should  be  constructed  in  suitable  sub- 
impoundments,  close  to  brooding  areas.  Small  (10  feet  in  diameter  or 
greater  above  water)  earthen  islands  created  by  depositing  rock  founda- 
tions and  covering  with  soil  (Johnson  et  al ,  1978)  have  proven  to  need 
little  maintenance.  Johnson  et  al  (1978)  have  shown  these  islands  to  be 
effective  in  increasing  waterfowl  nesting  densities  and  success  when 
placed  in  large  shallow  wetlands  without  dugout  ponds.  This  study  found 
that  each  constructed  island  (.002  acre  average)  produced  the  same 
number  of  ducklings  as  did  53  acres  of  upland  habitat.  Recommended 
subimpoundments  for  construction  of  new  duck  nesting  islands  include 
(from  Tabor  et  al ;  1980): 

Below  Scnneville  Dam  -  all  new  subimpoundments 

Bonneville  Pool  -  Ashes  Lake  (^M  149):  Oregon  shore  at  'v'yeth  (RM 
155):  Lindsey  Creek  Pond  on  Oregon  shore  (R"  159);  Oregon  snore  at 
RM  171.5.  172.3,  and  172.5;  Washington  shore  at  ^^  175;  '-'cClure 
Lake  (O-'egon  shore)  at  '-^M  I'S.r;  Chamberlain  La<?  ^Wa^hington 
shore)  at  RM  179.5 
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The  Dalles  Pool  -  all  new  subimpoundments 

John  Day  Pool  -  Willow  Creek  backwater  (RM  252.5),  Whitcomb  Island 
embayments  (RM  266-269),  McCormack  Slough  (RM  275),  Paterson  Slough 
(RM  280),  Irrigon  WMA  ponds  (RM  283-287),  and  any  new 
subimpoundments. 

McNary  Pool  -  Ponds  and  sloughs  at  mouth  of  Walla  Walla  River  (RM 
315),  Hover  subimpoundments  (RM  317),  Curlew  Pond  (RM  320),  J-Line 
Pond  (RM  320),  and  any  new  subimpoundments. 

Hanford  Reach  -  all  new  subimpoundments 

Wells  Pool  -  all  new  subimpoundments 

(3)  Increase  size  and  height  of  existing  islands. 
Construction  should  occur  during  minimum  wildlife  use  periods,  possibly 
using  dredge  spoil.   Rebuilt  portions  of  islands  should  be  planted  with 
native  vegetation.  Some  islands  with  sections  that  need  to  be  rebuilt 
include  (from  Tdbor  et  al,  1980): 

The  Dalles  Pool  -  LUtle  Miller  (RM  203) 

John  Ziay   Pool  -  "hreemile  (RM  256),  Sand  bars  downstream  from 
Blalock  and  Sand  Islands  (RM  271-273).  and  Sand  Island  (RM  274) 

Hanford  Reach  -  Island  15  (RM  3-17.5) 

Wells  Pool  -  Bridgeoort  3ar  Islands  (RM  535-538) 
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(4)  Remove  land  bridges  to  protect  fawning,  nesting, 
and  denning  wildlife  from  predation.  Land  bridges  are  a  threat  to 
colonial  nesting  birds,  nesting  geese,  and  fawning  deer  in  several 
reaches  of  the  Columbia  River  (Tabor  et  al ,  1980;  USFWS,  1979).  Some 
recommended  locations  for  removal  of  land  bridges  (from  Tabor  et  al , 
1980)  are: 

John  Day  Pool  -  unnamed  island  near  Oregon  shore  (RM  250),  unnamed 
islands  near  Washington  shore  (RM  254),  boat  basin  peninsula  (RM 
254).  boat  basin  peninsula  (RM  255).  and  upstream  end  of  Longwalk 
Island  (RM  275.5-276.5). 

McNary  Pool  -  Hat  Rock  Islands  (RM  299)  and  Foundation  Island  (RM 
322) 

Hanford  Reach  -  Wooded  Island  (RM  349)  and  lOOF  slough  Island  (RM 
365-367) 

Wells  Pool  -  upstream  Bridgeport  Bar  Island  (RM  537.5) 

h.   Manage  ROW  corridors  to  produce  more  desirable 
wildl ife  habitat. 

Recommendations  include; 

(1)  ilirninate  broaacase  herbicide  joraying.  Use 
selective  spraying  to  produce  a  "valley  e^'^^ct"   as  described  by  Sgler 
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{1953  and  1957).  This  technique  leaves  a  grassy  strip  in  the  center  of 
the  ROW  low  shrubs  under  the  wires.  From  the  wires  to  the  margins  of 
the  ROW,  all  plants  can  be  left  which  do  not  become  forest  trees.  An 
alternate  scheme  would  be  to  spray  half  of  the  ROW  each  period  by  treating 
e^ery   other  440-yard  block  or  by  treating  using  the  strip  method,  thereby 
constantly  producing  wildlife  forage  and  cover. 

(2)  Establish  cover  lanes  for  big  game  crossings. 
This  has  been  done  successfully  for  white-tailed  deer  in  New  England 
(Willey  and  Marion,  1980). 

(3)  Establish  brush  piles  for  wildlife 

(4)  Modify  towers  or  poles  to  prevent  raptor  electro- 
cution. 

(5)  Leave  vegetation  screens  to  block  RCW's  from 
view  as  described  by  WDG  (1970). 

(6)  Top  trees  instead  of  eliminating  them. 

(7)  Close  ROW  access  roads;  avoid  continuous  mainte- 
nance roads  (use  dead  end  spur  roads).  The  adverse  ii-^pacts  of  human 
harassment  of  wildli^^e  due  to  increased  access  have  been  wel  1 -documented 
(Goodwin,  1975;  Thompson,  1977;  Lyon,  1979;  Ward  et  al ,  1980;  Lundstrom 
and  'iorberg  ,  1973) , 
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(8)  Manage  for  unevenaged  stand  of  vegetation  along 
corridors  to  reduce  line-of-sight  distances  ("valley  effect"  as  described 
in  part  (1 )). 

(9)  Grow  wildlife  food  crops  under  transmission 
lines  such  as  fruit-bearing  shrubs  and  trees  (Merker  and  Hale,  1980). 

(10)  Use  topographic  features  to  maximize  vegetation 
diversity  (leave  mature  trees  where  wires  are  higher). 

(11)  Construct  perches  and  roosts  and  nest  platforms 
on  towers  to  benefit  some  species,  such  as  raptors.  SPA  has  installed 
some  wood-and-fiberglass  nest  platforms  on  transmission  poles  for  use  by 
raptors  (Thompson,  1977). 

(12)  Install  higher  capacity  transmission  lines  at 
existing  facilities  rather  than  constructing  new  ROW'S. 

These  recommendations  should  be  incorporated  into  all  existing  and 
future  powerlines. 

i.   Proviae  artificial  nest  structures  for  geese  and  den 
sites  for  beaver,  perches  for  raptors,  and  rocsts  and  s^^elters  for 
upland  birds. 

Old  tires  filled  with  wood  cnips  na /e  been  placed  or)   reck  islands  in 
Wells  Pool  and  are  jsed  Oy  nesting  qeese.  Metal  washtubs  placed  in 
trees  are  jsed  by  nesting  geese  in  -:.e   Okanogan  and  ''lethow  V?lle./s. 


l^Jest  platforms  placed  on  utility  poles  are   used  by  osprey  on  the  Okanogan 
River  and  elsev/here.  A  design  for  an  artificial  den  site  for  beaver  is 
described  in  Tabor  et  al  (1980). 

Perches  for  raptors  should  be  provided  in  appropriate  habitats  by  erecting 
poles  with  crossarms,  girdling  trees  to  create  snags,  and  equipping 
existing  transmission  poles  with  safe  wooden  perches  (Wood  et  al ,  1980). 
Roosts  and  shelters  for  upland  birds  can  be  made  by  creating  brushpiles 
in  upland  clearings.  Recommended  locations  for  placement  of  structures 
are  all  Columbia  River  reservoirs. 

3.1.3    Measures  and  Locations  -  Enhancement 

a.   Acquire,  develop,  and  manage  replacement  habitat 
off-site  for  development  of  food,  cover,  and  water  needs  of  impacted 
species. 

Acquisition  and  management  of  land  primarily  for  wildlife  has  been 
successful  in  the  past,  benefitting  both  the  resource  and  the  resource- 
user.  The  Skagit  Game  Range  in  western  Washington  .vas  acquired  to 
preserve  marshlands  from  drainage  for  agricultural  purposes,  and  to 
produce  food  "or  grain-eating  ducks  that,  were  declining  due  to  changing 
farming  practices.  Habitat  Inproveiient  included  planting  of  qra'in 
crops.  Oliver  (1967)  estimated  that  tabitat  imorove'^ents  and  •^.drsn 
preservation  on  the  Skagit  hi^'e   ^^anqe  contributed  directly  to  ar  additional 
harvest  of  7,194  cucks,  providing  5,cc4  man-days  of  recreation  .vortn 
524,209.53. 
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Evaluation  of  suitable  habitat  should  be  made  on  a  project-by-project 
basis.      Replacement  habitat  should  possess  as  many  of  the  following 
qual ities  as  possible: 

(1)  An  area  capable  of  improvement  for  impacted 
species,  using  habitat  management  techniques. 

(2)  Located  as  close  to  the  impact  area  as  possible. 


(3)     An  area  containing  critical   habitat  for  impacted 


species. 


b.  Remove  conflicting  land/water  uses  by  altering 
management  practices  through  the  use  of  landowner  incentives. 

Cattle  grazing  can  have  long-term  adverse  effects  on  riparian  vegetation 
and  should  be  totally  restricted  from  important  riparian  habitat  (Ames, 
1977;  Davis,  1977).  California  land  managers  have  recommended  tax  in- 
centives to  preserve  riparian  lands  for  wildlife  similar  to  those 
authorized  by  the  State  to  preserve  agricultural  land  (Sands,  1978). 
The  1981  Oregon  Legislature  passed  a  bill  giving  tax  exemptions  and 
credits  for  landowners  who  Tainrain  and  enhance  riparian  zones  (S.3. 
397). 

c.  Saise  and  ''elr^ase  caf^e  f^r":)   reared  wildlife  in 
Suitable  habitats  acqui'^ed  for  ::ublic  us?  pui^ooses. 
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Game  farm  releases  have  been  successful  in  the  past  in  increasing  recrea- 
tional opportunities  on  limited  habitat.   In  1979,  552,310  ring-necked 
pheasants  were  harvested  in  the  State  of  Washington  (WDG,  1981).  Assuming 
9?i  of  those  birds  v/ere  game  farm  reared,  then  49,708  game  farm  pheasants 
were  harvested  that  year.  Using  a  rate  of  1.72  hunter-days/  pheasant 
(Oliver  et  al ,  1975),  game  farm  pheasants  provided  85,498  hunter-days  of 
recreation  in  Washington  in  1979. 

3.2  Future  Projects 

3.2.1     Measures  and  Locations  -  Protection 

a.  Locate  temporary  and  permanent  reservoirs  away 
from  areas  used  by  big  game. 

The  importance  of  bottomland  habitat  to  big  game,  particularly  in  the 
winter,  has  been  described  previously  (Oliver  et  al  ,  1966;  Brigham, 
195S;  Oregon  State  Game  Comm. ,  1965).  Specific  sites  recommended  for 
protection  are  listed  in  Section  5.). 

b.  Avoid  inundation  of  farmlands  and/or  bottomlands 
L;sed  by  waterfowl  and  other  wildlife. 

An  example  is  the  Har.ford  -.eacn  in  Washi.-^gton.  T'ne   orocosed  Sen  Franklin 
rjam  wojld  inundate  bottorilands.  islands,  and  far-ilands  used  by  50,000 
wintering  geese  and  o'^sr   200  nesting  pairs  of  geese  (Hanson  and  Eberhardt, 
1971).  Wintering  duck  concentrations,  exceeding  300.000  oirds,  have 
been  recorded  in  tnis  "each  (JSFWS  inventory  counts). 
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c.  Retrofit  existing  sites  when  wildlife  habitats 
have  already  been  impacted. 

Examples  would  be  adding  power  facilities  to  irrigation  reservoirs. 

d.  Avoid  critical  and  important  riparian  habitats 
when  clearing,  riprapping,  dredging,  disposing  of  spoils  and  wastes, 
constructing  diversions,  and  relocating  structures  and  facilities. 

Some  sensitive  areas  recommended  for  protection  are  listed  in  Section  5. 

e.  Persuade  government  to  provide  zoning  protection, 
tax  incentives,  etc.,  to  preserve  wildlife  habitat. 

Several  counties  in  California  have  zoned  riparian  floodplains  to  protect 
them  from  development.  The  Arizona  State  Legislature  is  considering  a 
bill  that  would  provide  State  protection  for  riparian  lands  (McNatt, 
1978).  California  requires  floodplain  zoning  to  be  a  part  of  a  county's 
General  Plan  (Sands,  1978).  The  Glen  Elder  reservoir  in  Kansas  has 
Successfully  used  floodplain  zoning  to  protect  wildlife  food  and  cover 
from  livestock  grazing  ('JSFWS,  1973). 

f.  Manage  critical  and  important  wildlife  labitats 
in  ROW  s. 

Avoid  clearing  of  transmission  ccr'Tdors  using  broadcast  or   blanket 
herbicide  spraying.  Use  selective  soray'ng  to  oroduce  a  "valley'  effect 
as  de3cr-;:)ed  in  Eqler  ;:953  'i  1957).   Avcid  fcui;dirq  roads  by  -nakinq  jse 
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of  existing  roads.  Close  roads  to  .-notor  vehicle  access  during  critical 
use  periods  by  wildlife.  Recommended  sites  would  be  all  existing  or 
future  ROW'S. 

g.   Develop  habitat  plans  for  RO'/i's  and  commit 
ROW'S  to  wildlife  production. 

Habitat  plans  could  involve  management  of  herbicide  spraying  and  planting 
of  fruit-bearing  trees  and  shrubs  as  described  by  Merker  and  Hale  (l980). 
Fertilization  on  ROW's  has  been  shown  to  increase  forage  production  for 
elk  by  80  elk-days  on  one  plot  and  410  elWays  on  another  plot  (Taber, 
1977). 

h.   Minimize  impacts  to  wildlife  during  new  project 
construction  and  filling. 

(1)  Plan  construction  activities  during  July- 
November  to  reduce  nesting  and  wintering  impacts. 

(2)  Locate  temporary  access  roads  in  areas  to  be 
inundated. 

(3)  Use  all  suitable  excavated  r.atei^ial  to  create 
islands  before  resei^voir  is  filled. 

(4)  Fill  reservoirs  over  a  several -year  period 
based  on  projected  demands.  Usirg  incre'^ental  filling,  wildlife  habitat 
inundation  can  be  aelayed,  including  extensi.-e  flooding  of   stream  habitat 


above  the  dam.  Sport  fish  production  will  also  benefit  from  this  action 
(USFWS,  1973). 

(5)  Avoid  clearing  of  all  land  before  reservoir 
filling,  especially  near  future  shorelines.  Submerged  and  partially 
inundated  trees  and  shrubs  will  provide  good  fish  ahbitat  and  will 
establish  snage,  used  by  many  wildlife  groups  including  raptors. 

(6)  Avoid  construction  activities  within  250  m  of 
active  raptor  nests  or  wintering  grounds.  This  distance  will  minimize 
disturbance  during  critical  raptor  use  periods  (Stalmaster  &  Newman, 
1973). 


(7)  Construct  subimpoundments  before  reservoir  is 


filled. 


3.2.2  Measures  8i  Locations  -  Mitigation 


a.       Replace  or  improve   riparian  vegetation  as 


recomriended  above. 


b.  Create  subirnpoundmenrs   by  diking  backwaters   and 
sloughs  as  recommended  above. 

c.  I'nprove   carryinq  capacity  of  gndist^rbed  portions 
0^  impacted   sreas  as   reco.-Trended  above. 
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d.  Regulate  water  levels  during  critical  use 
periods  as  described  above. 

Critical  use  periods  will  have  to  be  determined  on  a  regional  basis  for 
new  projects. 

e.  Make  channel  alterations  during  least  critical 
periods,  which  will  have  to  be  established  on  a  regional  basis  for  new 
projects. 


f.   Manage  ROW  corridors  for  wildlife  as  recommended 


above. 


g.   Provide  artificial  nest  structures  as  recommended 


above. 


h.   Construct  ROW s  during  July-November  period  to 
reduce  impacts  to  nesting  and  wintering  wildlife. 

3.2.3    Measures  and  Locations  -  Enhancement 

a.  Acquire,  develop,  and  manage  replacewnt  habitat 
of^-site  for  development  of  food,  cover,  and  water  needs  of  impacted 
species  as  recommendeo  above. 

b.  Semcve  conflicting  land/watei^  uses  by  altering 
existi'^g  ."nanage^ent  practices  as  recc~mended  above. 
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c.   Raise  and  release  game  farm  reared  wildlife  in 
suitably  improved  replacement  habitats,  acquired  for  oublic  use  purposes 
as  recommended  above. 
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4.0  Additional  Investigations 

This  report  is  based  on  current  knowledge  and  research  of  hydropower 
production  impacts  on  wildlife  and  habitat.  However,  there  still  remain 
many  unknowns  on  the  relationship  between  power  development/production 
and  wildlife.  This  section  outlines  additional  information  needed  to 
develop  and  implement  the  program  to  protect,  mitigate,  and  enhance  wildlife 
resources  under  the  Act. 

4.1  Inundation 

Inventories  of  habitat  and  wildlife  and  identification  of  critical 
and  important  habitats  and  resources  are  prerequisites  for  making  decisions 
on  siting  of  energy  facilities.  These  studies  must  be  the  primary  con- 
siderations in  protecting  wildlife  resources.  The  recommendations  in 
this  report  provide  initial  identification  of  valuable  subbasins,  stream 
corridors,  and  specific  sites  and  species  where  available  information 
exists.   Information  is  still  needed  on  other  stream  systems  which  are 
identified  herein  as  high  in  wildlife  values.  Refer  to  Section  5  of  this 
report. 

Baseline  ha&itat  and  wildli'fe  inventories  are  needed  in  areas  olanned  for 
new  DOwer  development  projects  o^  modification  of  existing  orojects.  'hese 
projects  result  in  inundation  of  riparian,  '.vecland,  and  other  valuable 
floodplain  habitats  and  result  in  attendant  losses  of  wilali'^e  dependent 
on  these  habitats.   In  many  instances,  inventories  are  either  not  acccm- 
plisheCi  or  insufficient  to  adequately  determine  effects  of  projects  on 
wildlife.  pA 


Many  projects  have  been  completed  without  consideration  of  wildlife 
impacts.  In  most  cases,  baseline  inventories  were  absent  and  impacts 
not  assessed.   Investigations  are  needed  to  deter-nine  wildlife  impacts 
of  existing  projects  and  to  develop  mitigation  plans  for  them. 

Where  inventories  are  conducted  and  impacts  assessed,  mitigtation  is 
often  lacking.  Mitigation  is  often  slow  or  never  implemented.  Seldom 
is  there  an  evaluation  of  the  success  of  mitigation  methods  and  programs 
associated  with  these  projects.   Investigations  are  needed  to  evaluate 
mitigation  measures  and  to  develop  and  test  measures  to  protect,  mitigate, 
and  enhance  wildlife  where  inundation  occurs. 

Wildlife  professionals  believe  another  effect  of  inundation  is  change  in 
micro-  and  macroclimate  resulting  from  conversion  of  flowing  streams  to 
reservoirs.  This  effect,  however,  is  seldom  a  part  of  studies  of  project 
effects  on  wildlife  and  habitat.  Investigations  are   needed  to  evaluate 
the  extent  and  significance  of  micro-  and  macrocl imatic  changes  associated 
with  projects  that  inundate  habitat. 

Recent  trends  in  energy  development  have  resulted  in  the  encouragement 
of  development  of  "small  hydro"  orojects.   This,  has  resulted  in  a  myriad 
of  apolications  for  small  hydro  orojects.   State  and  ^ederal  wildlife 
agencies  Are   experiencing  great  difficulty  in  evaluating  the  large 
nufT'oer  of  these  orojects.   Althouqn  nany  .-.ill  nor.  af~ect  large  areas  of 
wildlife  nabitat,  the  cumulative  e^^'ect  of  all  orojects  is  significant. 


Studies  are  needed  to  investigate  small  hydro  sites  in  the  Northwest  to 
determine  which  sites  are  least  damaging  to  wildlife,  to  outline  which 
are  in  critical  or  important  habitats,  and  to  develop  an  overall  mitigat 
ion  plan  for  small  hydroelectric  projects  in  the  States  of  the  Northwest. 

4.2  Water  Level  Fluctuations 

Recently,  a  major  inventory  of  riparian  habitats  and  wildlife 
has  been  conducted  on  mainstem  Columbia  and  Snake  Rivers  (Corps  of 
Engineers,  1976).  Following  this  inventory  a  study  was  conducted  by 
WDG,  funded  by  the  U.S.  Army  Corps  of  Engineers,  on  the  effects  of  river 
regulation  for  power  peaking  relative  to  this  inventory.  To  date,  no 
efforts  have  been  undertaken  to  develop  a  mitigation  plan  and  program  to 
protect,  mitigate,  and  enhance  habitat  and  wildlife  to  compensate  the 
effects  of  peaking. 

Efforts  ai^e  needed  to  examine,  develop,  and  evaluate  measures  to  mitigate 
effects  of  river  regulation  for  power  peaking  on  wildlife  and  to  develop 
a  mitigation  plan  for  areas  where  peaking  effects  have  been  identified. 
On  tributaries  to  Columbia  and  Snake  Rivers  where  peaking  is  planned, 
investigations  are  needed  to  identify  critical  and  important  wildlife 
habitats,  to  assess  effects  nf  olanne':!  leaking  on  habitat,  and  to  develop 
mitiqation  olans. 
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Many  of  our  recommendations  for  mitigation/compensation  of  losses  expected 
as  a  result  of  water  level  fluctuations  will  require  additional  study  to 
determine  if  they  are  biologically  desirable,  if  they  are  feasible,  and 
if  desirable  and  feasible,  how  and  where  they  can  best  be  accomplished. 
The  following  studies  are  needed  to  accomplish  mitigation/compensation 
of  peaking  impacts  and  existing  operations,  and  to  evaluate  success  of 
these  mitigation/compensation  efforts: 

1.  Identify  location,  creation,  and  management  of  subimpoundments. 

2.  Identify  location,  creation,  and  protection  of  islands. 

3.  Identify  location,  creation,  and  management  of  goose  brooding 
areas. 

4.  Identify  location,  shoreline  modification,  and  management 
techniques  for  establishing  and  maintaining  riparian  habitat. 

Objectives  of  these  studies  would  be:   (1)  to  determine  where  and  how 
mitigation/compensation  measures  should  be  implemented;  (2)  to  determine 
how  the  sites  and  facilities  should  be  developed,  maintaine'i.  and  managed; 
and  (3)  to  evaluate  the  success  of  these  Tieasjres  of  mitiqaticn/compensation 
for  oroviding  habitat  and  wildlife. 
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4.3  Land  Al teration 

The  principal  means  of  protecting  wildlife  and  habitat  from 
impacts  of  land  alteration  is  early  identification  (inventory)  of  wildlife 
and  habitat  to  determine  where  protection  is  warranted  and  where  develop- 
ment can  occur  with  mitigation  of  impacts.  Where  stream  systems,  reaches, 
sites,  and  other  areas  are  proposed  for  future  development,  existing  and 
newly  developed  information  can  then  be  used  to  make  siting  decisions 
between  and  within  project  boundaries.  Ideally,  comprehensive  basinwide 
siting  reviews  should  be  made  early  in  the  planning  process. 

For  each  project  site  there  is  inherently  more  flexibility  in  choosing 
locations  of  appurtenant  facilities  such  as  roads,  staging  and  equipment 
areas,  buildings,  and  other  features  than  in  choosing  areas  to  be  affected 
by  inundation  and  water  level  fluctuation.  Thus,  there  is  substantial 
protective  and  mitigative  potential  within  sites.  Alternate  locations 
of  land/stream  alterations  must  be  examined  with  regard  to  protection, 
mitigation,  and  enhancement  of  wildlife  habitat.  Permanent  dedication 
of  protected  areas  must  be  assured. 

Present  shoreline  stabilization  techniques  and  other  modifications 
warrant  additional  investigation  witn  regard  to  effects  on  wildlife. 
Past  use  of  riprap  and  otner  stabilization  :-ier,hods  ^^as  resulted  in 
Hundreds  of  miles  of  land-water  borders  .vith  low  o>'  zero   access  and 
utility  to  wildlife.   Alternative  r.eas'jres,  such  as  offs'":or9  breakwate-'S 
v/ith  shoreline  grading  and  planting,  leed  to  :e  ceveloped  f:\r   gene-'al 
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implementation   for  specific   locations  where  wildlife  access   to  water  or 
A 

use  of  valuable   riparian-water  borders   is   required  to  maintain   copulations. 


Past  mitigation  of  impacts  resulting  from  land/stream  alterations  has 
produced  established,  useful  methods.  Some  of  the  more  subtle  impacts 
and  corrective  measures  still  require  investigation.  Toxic  wastes  and 
chemical  contamination  are  less  understood  and  little  studied.  Creation 
or  enhancement  of  wildlife  habitat  on  project  lands  may  fail  if  toxic 
materials  cause  direct  mortalities. 

4,4  Transmission  ROW  Corridors 

Improved  methods  of  managing  the  land  and  vegetation  in  power- 
line  corridors  need  to  be  developed.  As  mentioned  earlier,  widespread 
application  of  broad  spectrum  herbicides  will  usually  eliminate  all 
forage  and  much  of  the  cover  produced  in  a  corridor.   In  the  interim 
between  the  treatment  of  an  individual  section  of  a  corridor,  animal 
populations  increase  to  take  advantage  of  the  cover  and  forage  produced. 
The  population  suffers  when  the  vegetation  in  the  corridor  is  removed. 
Alternative  treatment  methods  that  accomplish  the  intent  of  corridor 
management  with  respect  to  different  ecological  conditions  and  wildlife 
objectives  need  to  be  developed  for  mutual  benefit. 

Soil  compaction  has  been  shov/n  to  occur  during  the  constrijction  of 
transmission  line  towers,  "'ethods  need  to  be  studied  tnat  will  lead  to 
techniaues  that  prevent  and  renedy   soil  comcaction,  since  soil  structure 
is  <ncv/n  to  influence  vegetation  and  erosion. 

"ieqati/e  i.'^oacts  of  huran  ^.ctivity  on  wildlife  populations  have  been 
dcc'jrented.  Stijdies  need  to  be  'nads  that  determine  the  levels  of  human 
ac-i/ity  that  can  be  tolerated  by  a'^'ected  anlr.al  species.  Zar]y 


resolution  of  conflicting  land  uses  can  lead  to  mutual  goal  satisfaction. 
Before  new  corridor  routes  are  proposed,  studies  should  be  made  to 
identify  incompatible  habitat  types  and  specific  locations  so  planners 
can  more  effectively  propose  corridor  routes. 

Many  studies  have  been  conducted  on  v/ildlife  impacts  or  the  corridors 
themselves,  but  more  studies  are  needed  on  a  larger  scale  considering 
adjacent  areas.  Habitat  diversity  is  thought  to  lead  to  ecological 
stability  and  is  therefore  desirable.  Corridors  in  certain  habitats  can 
create  diversity  which  in  many  cases  benefits  wildlife.  However,  studies 
are  needed  to  document  wildlife  use  of  corridors  considering  adjacent 
habitat  types.   Impacts,  both  positive  and  negative,  need  to  be  determined 
considering  a  larger  area  than  the  corridor  in  order  to  determine  the 
true  impacts  of  the  corridor.   In  many  cases,  effects  from  management 
techniques  may  be  unsuited  to  interface  with  adjacent  habitat  types. 

The  effects  of  electromagnetic  field  or  corona  effects  are  not  well 
known.  More  study  is  needed  to  identify  and  measure  the  impacts  on 
wildl ife. 


5.0  Summary  and  Recommendations 

5.1   Introduction 

This  section  summarizes  and  provides  recommendations  by  wildlife 
agencies  to  the  Northwest  Power  Planning  Council  under  the  Pacific 
Northwest  Electric  Power  Planning  and  Conservation  Act.  This  report  is 
the  official  coordinated  response  of  Federal  and  State  wildlife  agencies 
in  the  Columbia  Basin,  except  for  Montana,  which  is  drafting  a  separate 
set  of  recommendations.  Oregon,  Washington,  Idaho,  and  the  U.S.  Fish 
and  Wildlife  Service  were  directly  involved  in  production  of  this  document. 

This  effort  was  coordinated  through  the  Columbia  Basin  Wildlife  Technical 
Committee  (CBWTC).  Power  interests,  including  the  Corps  of  Engineers, 
Bureau  of  Reclamation,  and  Mid-Columbia  PUD's  are  represented  on  CBWTC 
and  provided  considerable  input  to  these  recommendations. 

Representatives  of  treaty  Indian  Tribes  were  invited  to  participate  in 
this  effort  but  chose  instead  to  review  our  work  and  provide  comment 
later. 

The  Columbia  Basin  .-iildlife  Technical  Committee  nas  also  discussed  these 
recommendations  with  Columbia  Basin  Resident  F-isi  'echnicai  Coi"pmittee 
(C3RFTC)  and  Columbia  Basin  Fishe^'y  Technical  Ccr.mit-.ee  (C3FTC)  ithe 
latter  represents  a-^acromous  ■^isnl.  "hese  Qrc^r-s  have  attenoted  to 
resolve  conflicts  in  tneir  recommended  proc^a'-is. 
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Although  these  recommendations  are  the  official  response  of  the  wildlife 
agencies,  it  should  be  recognized  that  this  was  a  hurried  effort. 
Because  of  this,  the  agencies  concentrated  their  efforts  on  only  the 
highest  priority  issues  and  projects.  Completion  of  a  program  to  protect, 
mitigate,  and  enhance  wildlife  resources  associated  with  power  development 
and  production  on  the  Columbia  River  and  its  tributaries,  as  required  by 
the  Act,  will  require  considerably  more  effort.   It  is  imperative  this 
be  done  with  involvement  of  wildlife  professionals  of  the  Federal  and 
State  wildlife  agencies  having  appropriate  jurisdiction  and  responsibility. 

5.2  Establishment  of  Priorities 

The  Columbia  Basin  'Wildlife  Technical  Committee  prioritized 
all  subobjectives  and  tasks  as  listed  in  Goals,  Subobjectives,  and  Tasks 
for  Development  of  the  Section  4(H)  Wildlife  Program  (Appendix  I).  This 
extensive  effort  by  CBWTC,  involving  wildlife  agency  and  power  biologists, 
was  made  to  prioritize  wildlife  impacts  resulting  from  hydropower  construc- 
tion and  operation.   It  was  concluded  that  the  activities  niost  damaging 
to  wildlife  and  its  nabitat  were  inundation,  water  fluctuation,  land  and 
stream  alteration;  and  rights-of-way  siting,  design  and  management. 

Wildlife  species  groups  are  imoacted  differently  by  these  activities. 
C3WTC  found  inundation,  for  examole,  probably  had  greatest  impact 
on  big  game  and  upland  game.  Projects  that  "'mpound  winter  range  and 
''iparian  habitat  used  by  these  soecies.  therefo^^e,  .vcula  ccnTiand  top 
prior'ity  for  protection,  mitigation,  and  enhancement. 


f^f) 


Water  fluctuations  irnpose  significant  impacts  on  waterfowl  and  shorebirds, 
aquatic  niarr;nals,  and  big  game,  particularly  during  breeding  seasons. 
Projects  where  operational  changes  portend  significant  fluctuations  also 
warrant  great  consideration  for  protection,  mitigation,  and  enhancement. 

Land  alterations  are  particularly  significant  because  they  occur  in 
association  with,  or  as  a  result  of,  hydroelectric  development  but  are 
seldom  seriously  considered  in  mitigation  planning  or  settlements. 
Upland  birds  and  terrestrial  mammals  are  most  frequently  affected  because 
of  alteration  of  shorelines  (riparian  habitat)  or  adjacent  area.  Small 
hydro  developments  and  associated  stream  alterations  may  affect  waterfowl, 
upland  birds,  and  aquatic  mammals. 

Powerline  rights-of-way  siting^design,  and  management  have  differential 

impacts  on  wildlife.  In  dense  forest  conimunities  of  western  Washington 

and  Oregon,  creation  of  edge  often  benefits  wildlife.  In  eastern  Washington, 

Oregon,  and  in  Idaho,  biologists  find  significant  damage  to  big  game  and 

upland  birds.  Many  of  these  impacts  could  be  averted  if  biological 

input  into  site  selection,  design,  and  manacement  of  transmission  corridors 

were  sought. 

The  ZBvrz  also  p-^ioritized  .vays   '.o  protect,  -nitiqate,   and  enhance  naoitat 
and  v/i  Id  li  -^e. 

Protection   of  existing  'nabitat  an-i  .•/••' 1  a "•■  fe   is   tne  grea'iest  concern   and 
oighest  orir;,-\->:j  of  wil'ilifc  ace-.r.ies       ~^is   sir^ply  requires  avoiding 
critica"    ar..:  •'nco'^tant  -^abitats. 

?0 


Mitigation  of  wildlife  and  habitat  impacts  on-  or  off-project  is  impera- 
tive if  they  cannot  be  avoided.  CBWTC  identified  mitigation  measures 
that  can  be  successfully  implemented  to  offset  hydroelectric  production 
and  transmission  impacts.  The  highest  ranged  measures  are:  (1)  replace- 
ment of  riparian  vegetation  out  of  reach  of  reservoir  fluctuations;  (2) 
creation  of  stable  subimpoundments  where  habitat  can  recover;  and  (3) 
stabilization  of  water  fluctuations  through  specific  reaches  to  permit 
reestabl ishment  of  habitat,  or  dedication  of  specific  reaches  or  reser- 
voirs to  wildlife  management.  Some  authorized  reservoir  management 
activities  cause  delayed  conflict  with  wildlife  and  require  mitigation. 
Habitat  impacts  from  siting,  design,  and  management  of  transmission 
rights-of-way  can  be  mitigated  if  CBWTC s  11  measures  are  recognized 
(Appendix  I). 

Summary  and  recommendations  for  programs  to  protect,  mitigate,  and 
enhance  wildlife  and  habitat  on  a  regional  and  Statewide  basis  have  been 
prepared  by  Idaho,  Oregon,  and  Washington  biologists.  High  priority 
projects  needing  protection,  mitigation,  and  enhancement  are  listed  in 
Tables  1-3. 

Table  1  indicates  highest  priority  wildlife  habitats  within  the  region 
where  future  hydroelectric  develoomert  snould  be  avoided.  Many  of  the 
areas  of  concern  are  the  riparian  bottomlands  less  than  2,500-3.500  feet 
elevation.  These  bottomlands  provide  irrpf^rtant  winter  range  and  shoulo 
be  orotected  ^rom  inundation.   Table  2  snov.'S  prio'-ity  wildlife  habitats 
vvnere  initial  inundation  or  f  1  ucTua-'on  '--pacts  should  be  mitigared. 
Table  3  shows  key  wildlife  habitats  tnat  should  be  protected  from  or 
mitigated  ^^or  transmission  corridor  impacts. 

71 


c 
•o 


o 

<. 

c 

o 

-o 

•r- 

1) 

•M 

(/) 

O 

o 

di 

Q. 

-t-> 

o 

o 

I. 

1. 

a. 

a. 

c 
o 


p 


c 
o 

4-> 
U 

<v 
■t-> 
o 

a. 


c 
o 

•f— 
4-> 

o 

o 

a. 


c 
o 


u 
<u 

o 

i. 
a. 


c 
o 


u 
a 

o 

a. 


(J 

o 

I. 
a. 


c 
o 


o 

0) 

+-> 

o 

i. 

Q- 


1/1 


L. 

•o 

■o 

1 

T3 

•o 

•o 

■o 

T3 

<Q 

c 

c 

O 

C 

c 

c 

C 

C 

■M 

la 

(O 

3 

to 

(O 

<o 

(O 

'0 

3 

f— 

f 

^— 

r~^ 

r"> 

r^ 

^— 

p— 

^ 

4- 

•r» 

«k 

n 

rk 

M 

«k 

A 

M 

L. 

c 

c 

C 

c 

c 

c 

c 

c 

I— 

O      ' 

o 

o 

o 

o 

o 

o 

o  __ 

•r-    3 

3 

'r— 

•i-  3 

•*— 

3 

•r- 

3 

•r- 

3 

•<-  3 

-o 

•u  o 

■4-» 

O 

+J 

+->  o 

■t->  o 

■M  O 

•4-) 

o 

••->  o 

c 

to  a: 

(13 

oc 

to 

(O  a: 

a 

CL 

(0 

a: 

(O 

cc 

(0  a: 

(0 

■o 

-o 

■o 

■o 

■a 

•o 

■a 

■o 

c     - 

c 

c 

•» 

c 

C       ' 

c 

«* 

C 

#» 

c 

^ 

c     •• 

L. 

3    C 

o 

3 

c 

3 

3    C 

3 

C 

3 

c 

3 

c 

3   c 

<u 

c  o 

•r- 

C 

o 

C 

c  o 

C 

o 

C 

o 

C 

o 

c  o 

> 

•r~    't— 

+-> 

•  r- 

•  r— 

•f— 

•r-   'r- 

•  p— 

•  ^ 

•f— 

•p— 

•r— 

•r- 

*r—   'r- 

•r- 

-»-> 

ro 

•4-) 

c: 

+-> 

■»-> 

4-> 

+-> 

4-> 

0£ 

+J 

cu  « 

3 

O 

.T3 

o; 

o 

0)    rt3 

dJ 

(0 

<u 

ITJ 

cu 

(O 

O    (O 

o 

S-    i- 

•i-J 

s- 

S- 

s- 

•r- 

S-    S- 

s- 

S- 

s~ 

s- 

i. 

&- 

s-  s- 

(0 

rtJ 

3  ai 

U 

3 

O) 

3 

+-> 

3    0) 

3 

0) 

3 

cu 

3 

<u 

3    (U 

•r- 

Q. 

+j  -t-j 

3 

-l-J 

+-> 

•4-> 

(O 

■»->   ■»-> 

+-> 

■t-J 

+J 

■!-> 

+-> 

■M 

-l->  -t-> 

i 

E 

3  ■— 

3 

P— 

3 

3 

3  <— 

3 

r— 

3 

r— 

3 

r" 

3  r- 

►—« 

U_     rtJ 

4- 

Ll_ 

■•a 

U_ 

+-> 

Ll_    (O 

Ll. 

<x: 

u. 

(T3 

Ll- 

(O 

U.    <0 

3 

"o 

o 

#* 

(U 

0) 

1/5 

«t 

i« 

£ 

H- 

T3 

O) 

</» 

M 

■M 

•r- 

S^ 

CD 

CO 

■o 

OI 

(U 

(U 

(U 

(U 

r*~ 

•r- 

c 

•* 

s- 

t. 

OI 

OI 

O) 

cn 

OI 

a> 

■o 

X) 

(t3 

CT 

O 

•r- 

C   ■(-> 

c 

c 

c 

c 

c 

S_ 

C 

■(-> 

^ 

t/1 

(T3    (O 

<T3 

«o 

IB 

(O 

o 

r— 

•r- 

3 

XJ    1/1 

s_ 

•r- 

CL 
13 

-o 

o 

t.  -t-J 

S_ 

s- 

S. 

i. 

< 

<n  o 

Ol 

OI 

S- 

c 

+-> 

U   JQ 

4. 

s. 

S- 

i. 

S. 

r—    ■!-> 

+J 

■t-> 

ra 

r^ 

0)     fT3 

O) 

04 

OJ 

OJ 

(/) 

o 

CL   CL 

c 

c 

»^ 

(T3 

4->  JC 

-t-J 

■M 

4-> 

+J 

CL 

3    n3 

•r- 

on 

Q. 

1. 

C 

c 

c 

c 

c 

3 

■t-> 

i- 

3 

5  -O 

3 

••-  -3 

•  p- 

•r- 

•r- 

•r— 

O 

n3 

#t 

s- 

A 

3   s- 

3 

3C 

3 

3 

s. 

4-> 

^—         •* 

r— 

•p- 

A 

r— 

•r- 

o 

•r- 

S    Oi 

OJ 

2 

^ 

<D 

3 

<U  J3 

cy 

OJ 

(U 

cu 

J3 

o   5 

o 

c 

O 

c 

2 

E 

E 

OJ 

m 

4-    f3 

ro 

>4- 

■3 

(T3 

'4— 

(O  -a 

t3 

<o 

(O 

(0 

«•- 

s_  o 

cn 

i- 

^ 

ai 

s- 

cn  c 

cn 

cn 

CD 

cn 

•^- 

a 

d) 

(5 

<D 

(O 

^■B 

>, 

+j  ai 

CD-(-> 

n— 

Dl+J 

C7)r— 

CT 

CT 

cn 

cn 

"D 

or 

ro  •,- 

•f— 

rtS 

Q. 

•r- 

(T3 

•r-     Q. 

•1— 

•r- 

•r- 

•r— 

b^ 

3  JO 

ca 

3 

3 

ca 

3 

CQ    3 

C3 

CQ 

ca 

ca 

3 

T3 

C 

C 

*^ 

(T3 

o 

+-> 

ce: 
o 

l/l 

+J 

(O 

<T3 

<o 

+J 

•a: 

Q 

<: 

G 

<: 

< 

^^ 

<: 

<: 

<D 

■o 

oo 

3 

>— « 

3 

>— ^ 

3 

^5 

31 

3 

3 

S~ 

c 

< 

3 

■(->    D 

c 

_ 

« 

a 

- 

- 

* 

o 

c 

o 

o 

0 

0 

0 

^     3 

>!0 

1 

o 

1 

c 

1 

0 

1 

c 

1 

0 

<C   ■I-' 

c 

LO 

3 

o 

3 

o 

3 

0 

^ 

0 

3 

c 

■=.     3 

fO 

n 

-Q 

CM 

j2 

CM 

.3 

^vl 

JD 

00 

SX 

CM 

Ll. 

o 

•P- 

'f— 

•  *— 

•r- 

•  r— 

>, 

v; 

S- 

V ; 

^ 

■•/ ' 

s- 

7  '■ 

s_ 

V  1 

'>. 

-/  1 

*J    = 

CO 

■^ 

+J 

+J 

•rJ 

.;-) 

•r-     O 

^ 

.1^ 

X) 

-3 

-3 

T3 

■0 

;_    S. 

r-» 

'^- 

-o 

^ 

x; 

C 

"3 

3 

"3 

3 

•3 

c 

O   1^ 

Ci 

0) 

T3 

o 

(U 

;C 

.13 

3 

ro 

3 

la 

3 

0 

•  r» 

o. 

■p 

"'* 

f— 

u_ 

5 

r— 

^n 

r— 

rt3 

r— 

0 

r— " 

fl 

r^ 

t.     = 

>- 

E 

CO 

c= 

CO 

— 

CO 

— 

oo 

— 

00 

~ 

O.    O 

■;-> 

o 

s. 

5 

x: 

^ 

0) 

o 

^ 

OJ 

o 

^ 

0 

0 

i- 

0 

/— ■ 

S- 

3 

c 

W 

1*- 

o 

+-> 

•!-> 

u 

•  ^ 

■kJ 

w 

•r- 

■>J 

O 

•  f— 

■pJ 

ai 

•r— 

4-) 

o; 

•^ 

4-> 

■»->     ■!-> 

O 

c 

3 

+->     • 

3 

> 

s- 

4^ 

> 

'>_ 

4-1 

> 

S- 

tJ       • 

> 

'_ 

•l-J         . 

> 

i- 

•M       . 

l/l    u 

o 

ra 

o 

o  •— 

O 

•r- 

m 

o  ^ 

•p- 

-3 

O    r— 

•r- 

Q 

0  r- 

•p- 

•5 

0    r^ 

-r- 

tl 

0  '— 

a  GJ 

_J 

ca  oj 

(/I 

cc 

■M 

cc   u 

*• 

■i-J 

::2    o 

2: 

■M 

^    OJ 

d: 

-J 

cc  ii 

2i 

4-J 

ca   i 

j=  +-> 

^  o 

—  i- 

3 
O 


^ 

ID 

i) 

i. ; 

CI 

r— 

V' 

5 

.:<: 

n 

> . 

fO 

<o 

•^» ' 

"o 

3 

t— 

&;■ 

•0 

OO 

y1 


1 

3 


■^ 

u 


H^O 


< 

(U 
1/1 
o 

Q. 

o 

i. 

CI. 


c 
o 


■!-> 

o 

Q. 


c 
o 

•r- 
+J 

o 

o 

i. 
a. 


c 
o 


(J 

■4-> 

o 

a. 


c 
o 


u 

o 

i. 


o 


o 

+J 
o 


c 
o 


o 

■!-> 

o 

s- 


o 


o 

a; 
-t-> 
o 

1. 
a. 


c 
o 

u 

a; 
+-> 
o 


U 

o 

i. 

CL 


•o 

"D 

T3 

■o 

■o 

c 

C 

C 

c 

c 

(0 

(O 

<o 

10 

(O 

>" 

J— 

»" 

r— 

»" 

n 

«« 

A 

A 

A 

c 

c 

c 

C 

c 

o 

o 

o 

o 

o 

•r- 

3 

3 

3 

3 

•--  3 

■M 

O 

4-1 

O 

■(-> 

O 

+-> 

O 

+->  O 

(0 

q; 

n3 

q: 

f3 

ex. 

(O 

ct: 

fo  q: 

■o 

T3 

X3 

■o 

-o 

c 

** 

c 

•* 

C 

#» 

c 

«» 

c      «> 

3 

c 

3 

E 

3 

c 

3 

c: 

3    C 

C 

o 

C 

o 

C 

o 

c 

o 

C    O 

•f— 

•  r— 

■r— 

•^" 

•r- 

•r~ 

•  r— 

•  r— 

•r-   •(— 

-!-> 

+J 

4-> 

+J 

■t-> 

+J 

0) 

fO 

OJ 

<a 

<D 

« 

0) 

(O 

<V    ro 

o 

s_ 

i. 

1. 

1- 

S_ 

s. 

S- 

i- 

S-    i- 

(0 

3 

O) 

3 

dJ 

3 

QJ 

3 

O) 

3    CU 

Q. 

■M 

4-> 

4-> 

-M 

^-> 

■t-> 

■(-> 

4-> 

■+->  *-> 

E 

3 

f.— 

3 

r— 

3 

^— 

3 

^— 

3   r— 

1— < 

U- 

ns 

U- 

« 

U- 

« 

U- 

<0 

U_    (O 

T3 

T3 

■o 

•o 

C 

C 

c 

c 

fO 

(0 

fO 

(0 

1 — 

' — 

r— 

r— 

*N 

*. 

^ 

M 

c 

c 

c 

c 

o 

o 

o 

o 

•r-   3 

3 

•r- 

31 

•r-   3 

4->  O 

4-> 

O 

4J 

O 

■*->   O 

(O   CC 

nj 

CC 

rO 

a: 

(o  ct: 

•a 

■o 

•o 

-o 

c:     •> 

c 

« 

C 

«« 

C       " 

3   c 

3 

c 

3 

c 

3    C 

c  o 

C 

o 

C 

o 

c  o 

•r—   'f— 

•r— 

•r- 

•r— 

•r— 

•/—    'r— 

4-> 

+J 

+J 

+J 

O)     03 

<U 

r3 

O) 

rtJ 

<u  <o 

S_     i- 

i- 

S- 

i. 

s- 

S.     1. 

3    Ol 

3 

01 

3 

CU 

3    <U 

+->    +J 

+J 

+J 

+-> 

-r-> 

■)->  +J 

3  1 — 

3 

r^ 

3 

r-~ 

3  1— 

Ll_    (0 

U_ 

fO 

U_ 

(O 

Ll_    (O 

<u 


Jin 


OJ 


a> 

O) 

Ol 

CU 

Ol  Ol 

CU 

0) 

OJ 

OJ 

r—    C 

cn 

cn 

cx) 

i. 

C    cr> 

O) 

Ol 

cn 

"   CI 

s  •-- 

c 

c: 

c 

o 

•r-     C 

c 

c 

c 

-!-> 

■M     C 

O    S- 

<v 

<a 

la 

J-1 

i.   ra 

CO 

ra 

fO 

n3 

CO    rtJ 

i+-    01 

^ 

&. 

s- 

Q. 

0)    S- 

+-> 

i.       ■»-> 

s- 

i. 

-i-> 

-!->     t. 

i.  +J 

ra 

+-> 

CU   ca 

-D    ro 

•  r- 

•r— 

0)   c 

i. 

s. 

1. 

i. 

c   s- 

to   4-> 

S-    C   +J 

u 

1. 

J3 

XI   s- 

-l->   -r- 

o; 

<u 

CU 

•r-     0) 

3   ••- 

O)     3  •-- 

OJ 

Ol 

2 

(O    OJ 

"3    2 

4J 

■M 

+J 

■o 

5  -i-' 

O  .Q 

+-'    o  ^ 

-!-> 

-!-> 

x:  4-> 

s 

c 

C 

c 

c 

c 

i-   ro 

c:    S..    rO 

c 

c 

c 

T3 

•1— 

•p— 

•f— 

(0 

■O     ■!- 

oi-c: 

•r-    u^j:z 

'f— 

•r— 

CU 

Ol    -r- 

-o  C 

s 

2 

s 

c    5 

s 

s 

3 

e 

E    3 

c  in 

r~— 

nj 

r—     0) 

1—    <u 

(O 

1T3 

(O 

(U 

<1> 

(U 

3 

OJ 

■1-   > 

Ol  -1-    > 

OJ 

0} 

O) 

0>  0) 

en 

s 

g 

E 

o 

cn  E 

<n  ■<- 

E   ra  -r- 

E 

£ 

s-  c 

n 

fO 

CO 

4- 

c:   ra 

+->  -)-> 

ra   -1-1   4-" 

(O 

to 

-o 

-O    13 

O   -r- 

C71 

o> 

cn 

S- 

•1-     CD 

CX-r- 

CT>  C1.-I- 

Ol 

CD 

c 

C    O) 

■t->    4-> 

CU 

-i-j 

S-    c/l 

i.    l/l 

(T3 

rtJ 

Ql  lyi 

CD 

D> 

Ol 

■i-J 

I/)    Ol 

r3    c: 

CD  r3    C 

cn 

CD 

r— 

<—    CD 

IT3    0) 

•r— 

■r— 

•r- 

(O 

CU   -r- 

^    CD 

•r-  x:    0) 

•r— 

Q. 

D.-r- 

Qi    C 

CO 

£D 

CQ 

3 

s=  ^ 

(/)    -yl 

C2    i/1    c/1 

ca 

CO 

3 

^  .Q 

OJ 

4-> 
(•1 


CC 

o 


■o 

OJ 

3 


C 

o 
o 


§i 


</i 

OJ  - 

•r-    O 

i.  o 
ra  o 
*->  ro 

3 
^   v| 

Z  -o 

c 

ITS 


t>3  . 
O) 

> 


-       q: 


o 


OJ 


Ol 

CU 


3 


O 
O 


i-  -o 
+-)  c: 

<T3 

E 
i-   o 

CU   +-> 
>   4J       . 
■>-    C  1— 

ai  i2   o) 


</> 

t/1 

1/1 

OJ  - 

01 

- 

a; 

- 

•.-  o 

•r— 

O 

C 

S-  o 

i. 

O 

1- 

o 

ra  o 

(O 

O 

ra 

o 

■o  ro 

+-» 

OO 

4-1 

t^ 

3 

3 

3 

.•2  "^ ' 

.O 

'■'' ! 

.a 

V   ' 

•  ^ 

•  r™ 

si  -3 

S- 

-o 

i. 

■3 

■tJ    C 

+J 

c 

4-) 

.■C3 

fO 

.-5 

oC   r^ 

oO 

^— 

oa 

i-    c 

s- 

5 

^ 

5 

OJ    ■!-> 

0) 

+j 

OJ 

+-> 

>    -t-J         • 

> 

4-1 

> 

—J 

■r-     C   r- 

■r— 

o  <— 

•r— 

_o  ^ 

S:    C2     D 

Qi 

c3  a 

-V 

lA 

crt 

OJ  - 

OJ  - 

•r-   O 

■n-  O 

s-  o 

i.  o 

(13  O 

fl  -n 

4J  r-> 

■!->   ^4 

3 

3 

^    -V  ! 

^    V 

■  r- 

•r— 

S-   ^ 

S-  -3 

■*->  c 

4->      C 

ro 

rs 

oa  r^ 

oC  r^ 

S-   c 

i-    o 

0)   iJ 

OJ    4-> 

>  +-1    • 

>  ^ 

•r-     O  r- 

■1—    O 

ci:  CO  CU 

< 

oc 

3 

o 

10 

OJ 

— 

•  r- 

— 

o 

i_ 

o 

-o 

o 

CD 

o 

c 

-n 

4-) 

o 

ro 

ro 

3 

CM 

&. 

Vi 

•  r^- 

vi 

OJ 

V/1 

l. 

> 

OJ 

-o 

+-> 

T3 

•  r— 

•  r- 

c 

C 

S- 

i. 

ca 

oa 

n3 

fl 

r— 

r— * 

0) 

4-) 

cz 

u) 

;:= 

s_ 

3 

5 

i_ 

O 

■r— 

J2 

_) 

Ol 

4-1 

4-1 

•  — 

4-) 

> 

4-J         . 

^ 

S_ 

o  <— 

o  •— 

-U 

-J 

la  cj 

c5 

CJ    ZJ 

CU 


OJ 

• 

aj 

c 

r<^ 

£1 

rs 

2 

U 

-fJ 

5 

CD 

o 

s-1 

■i-> 

la 

o 

O 

^\ 

•r- 

O 

•f 

J=. 

jD 

>\ 

.^ 

c 

•>-) 

■^ 

S 

Its 

■■"1 

n3 

OJ 

c 

01 

.^ 

(— 

a:| 

>- 

3 

'^ 

s: 

o 

)    O 

OJ 

c 

0) 

3 

a: 

« 

J^ 

u 

_o 

r— 

•  r' 

■^ 

c 

~ 

J-> 

■o 

•f— 

OJ 

i. 

VI 

ii: 

e; 

C/l 

0) 

OJ 

4_> 

•^ 

4-J 

i^ 

a 

(O 

— 1 

<T3 

3 

o 

< 

c 

o 

■o 

•r- 

O) 

4-) 

1/) 

U 

o 

0) 

o. 

*-> 

o 

o 

s_ 

s- 

a. 

a. 

c 
o 


o 

+-> 
o 

a. 


c 
o 


u 

■!-> 

o 

s- 

Qu 


c 
o 

■p 
u 

o 

s. 


c 

C 

C 

c 

c 

o 

o 

o 

o 

o 

•r- 

•r- 

•  ^ 

•r" 

•r- 

-t-) 

+J 

■!-> 

4J 

+J 

u 

o 

U 

O 

o 

a; 

Qi 

(U 

<u 

(U 

4-> 

•»-> 

+-» 

+-> 

4-> 

o 

O 

o 

o 

o 

s_ 

s~ 

s_ 

i. 

5- 

Q. 

Q- 

Q. 

CL 

a. 

(J 

Q. 

E 


■o 

-o 

■o 

■o 

-o 

-o 

-a 

T3 

T3 

c 

c 

c 

c 

c 

c 

c 

c 

C 

lO 

(O 

TJ 

(0 

n 

lo 

fO 

ro 

<o 

r— 

1 — 

f— 

'^ 

' — 

' — 

' — 

' — 

' — 

A 

n 

•* 

A 

A 

* 

#» 

#» 

#t 

c 

c 

c 

c 

c 

c 

c 

C 

c 

o 

o 

o 

o 

o 

o 

o 

o 

o 

•r-  3 

3 

3 

•r-   3 

•r- 

12 

•r- 

3 

•r-   3 

•^ 

3 

•r-    3 

+->  O 

+-> 

O 

■*-> 

O 

4->  O 

■M 

o 

+-> 

o 

+->  O 

4J 

O 

■i-J  o 

<o  q: 

(O 

Qi 

(O 

Ol 

rtj  on 

to 

cr: 

fO 

a: 

fO  o: 

to 

c; 

(T3  a: 

-o 

•o 

■o 

-o 

T3 

■o 

T3 

■o 

-o 

C       " 

c 

#t 

c 

<^ 

C       " 

C 

«v 

c 

«\ 

C       " 

c 

A 

c     •> 

:3  c 

3 

C 

3 

C 

3    C 

3 

c 

3 

c 

3    C 

3 

c 

3   c 

c  o 

C 

o 

C 

o 

c  o 

C 

o 

c 

o 

c  o 

C 

o 

c  o 

'r~   *r~* 

■r" 

•r— 

•r— 

•r— 

•f—     T- 

•J— 

•^■ 

•r- 

•r- 

•r—  •/— 

•f— 

•1— 

•  ^     T" 

+J 

+-> 

-M 

•M 

+J 

4-> 

+-> 

-(-> 

4J 

0)   <u 

0) 

fO 

OJ 

ro 

dJ    lO 

0) 

fO 

(U 

fO 

<U    fO 

0) 

(O 

Ol    rtS 

S-   s- 

1- 

5- 

L. 

i- 

L    U 

s^ 

i- 

1- 

s- 

S-    i- 

L. 

s_ 

1-   s- 

3    O 

3 

<V 

3 

<U 

3    OJ 

3 

OJ 

3 

a> 

3    0) 

3 

GJ 

3    OJ 

4J    +-> 

-t-J 

+-> 

■)-> 

+-> 

+->  4J 

-!-> 

+J 

+-> 

+-> 

+J  ■(-> 

•M 

+J 

+->  -»-> 

3  1— 

3 

r« 

3 

^— 

3  >— 

3 

r— 

3 

r— 

3  r— 

3 

1— 

3  1— 

U_    ro 

U_ 

fO 

U- 

(O 

Ll_    (O 

LL. 

(O 

u. 

to 

U.    (0 

U- 

(TJ 

U-    (O 

(U 


•r— 

0) 

(U 

(U 

r— 

en 

tj) 

Ol 

"O 

^ 

c 

c 

(0 

ns 

lO 

•r- 

s- 

&. 

i. 

3 

S- 

Si. 

^ 

1- 

0) 

(U 

(U 

O 

•r-> 

+J 

■M 

c 

c 

c 

+J 

•  r- 

*r~ 

•1— 

<a 

s 

5 

S 

+-> 

i; 

^ 

<u 

XI 

H 

£ 

s 

fO 

fO 

rtJ 

(0 

-^ 

en 

CT 

O) 

>N 

CT 

O^ 

CD 

OJ 

•^ 

•  r- 

•^ 

:^ 

CQ 

CO 

23 

(U 

<u 

(U 

<U 

<u 

(U 

CD 

C7I 

"   CI 

•>  cn 

•>  cn 

o> 

C    +-> 

c 

■M    C 

■u  c 

-t-J   c 

c 

(O    (0 

lO 

fO    to 

to  to 

to    (O 

to 

i.  +-> 

s- 

-l-J  t. 

*->  i- 

4-J     S- 

s_ 

•  r.> 

•r- 

•r- 

•r- 

S.  -Q 

s- 

JD    i. 

^  s- 

X)    s- 

S- 

0)    to 

<y 

to    OJ 

to  <u 

to    OJ 

0) 

4->  x: 

■l-> 

SZ    -l-J 

^  -i-j 

x:  -!-> 

+-> 

c 

c 

c 

c 

c 

c 

•r-     <U 

•  r— 

d)  'r- 

<D   -r- 

0)   -r- 

'r- 

3   S 

s 

e  s 

E   S 

E    3 

2 

to 

to 

to 

to 

O)    CT> 

a; 

cn  0) 

CD  OJ 

cn  Ol 

a> 

E 

E 

c 

c 

^ 

to  -o 

to 

■o   to 

X)  to 

■a  to 

to 

cn  c 

cn 

c   cn 

c   cn 

c   a> 

cn 

to 

to 

to 

to 

CDt— 

OT 

1—   cn 

(—  cn 

r-     Ol 

cn 

•r-     Q. 

O.T- 

Q.T- 

a.T- 

•r— 

ca  3 

ca 

Z3  ^ 

Z3  XI 

13  j3 

CQ 

toj 


q: 
o 


Qi 

o 


Ci 

o 


a: 
o 


o 


(/) 

_ 

00 

1/1 

00 

CO 

1/1 

00 

OJ 

o 

aj 

. 

o; 

- 

- 

0) 

. 

Ol 

- 

0) 

— 

a) 

- 

•• 

•r- 

o 

o 

o 

o 

•I— 

o 

O 

'r- 

O 

•r- 

o 

o 

L. 

s- 

o 

s- 

o 

-o 

O 

i- 

o 

I. 

o 

S_ 

O 

s- 

o 

o 

lO 

ro 

-o 

ul 

.T3 

r^ 

in 

c 

LD 

-a 

lO 

to 

un 

to 

lD 

(0 

un 

in 

+J 

*-> 

ro 

-(J 

o 

o 

lO 

ro 

4-) 

oo 

J_> 

ro 

4-1 

ro 

iJ 

(^ 

-3 

C\J 

3 

V  ' 

^ 

3 

-u 

3 

3 

3 

3 

c 

XI 

V] 

jn 

i) 

V 

i. 

V   i 

V 

•7   ; 

X! 

V   ; 

-Q 

^'  i 

to 

V  1 

•r- 

yi 

•r— 

•  r— 

r— 

o 

<^ 

•  r- 

•r- 

•r— 

•r- 

00 

S- 

■^ 

s- 

T3 

'>- 

-^ 

"O 

> 

aj 

-3 

s_ 

■3 

l. 

T3 

1. 

-o 

L. 

"3 

.:«: 

a; 

-o 

tJ 

4-> 

C 

+-) 

^ 

^ 

•r- 

■r- 

3 

+J 

^ 

■tJ 

^ 

■M 

c 

-I-J 

3 

S- 

•r- 

c 

c  1 

s 

<z 

OJ 

to 

s- 

•w 

^ 

lO 

ra 

to 

■o 

O 

S- 

to 

^»«ll. 

o 

o3 

s»C 

sS 

a. 

.-3 

o5 

oC 

r-— 

oC 

^— 

oO 

r— 

<+- 

fO 

r— 

■c 

•r— 

(= 

;= 

~ 

CJ 

*-> 

c: 

5 

E 

~ 

— 

4--> 

5 

i 

4.)! 

i. 

o 

^ 

5 

t. 

i) 

o 

s_ 

3 

o 

S_ 

&. 

o 

i. 

»-^ 

^ 

CD 

.^ 

3 

o 

ZS 

^; 

Ol 

o 

■t-i 

CJ 

> 

+-J 

•^- 

.Q 

■»-> 

o 

-M 

a 

■^ 

dl 

.^ 

OJ 

~J 

4.2 

.3 

4.1 

c 

o; 

> 

4->        . 

> 

■LJ           . 

> 

4-2     • 

*-> 

.^— 

■^ 

> 

.^ 

> 

+->     • 

> 

*J     . 

> 

•*->      • 

^ 

•f— 

4J        • 

Ol 

•1— 

O    r- 

•r— 

O   r— 

•r- 

X; 

o  ^ 

^~ 

u 

O  t~~ 

—V      ^_ 

■r— 

O  1— 

•r- 

3  '— 

C^  (— — 

o 

L. 

c  -— 

*J 

a: 

^ 

22     CJ 

2^ 

.-0 

:c  ii 

oJ 

w 

22  a 

2i 

c5    i; 

Qi 

ca   i) 

r^ 

^    CJ 

— 

i;   aj 

■z. 

4J 

:::3    a; 

o 


■ 

>, 

^-^ 

-c 

to 

o 

Q 

ti 

^ 

.<£ 

^— 

<D: 

o 

C 

XJ 

>■ 

^ 

fO 

iH 

o 

H- 

Ci  ^ 

■_) 

-^ 

^ 

CJ 

L. 

r— 

9J 

< 

-iJ 

_ 

lO 

r^ 

!0 

3 

to 

5^ 

^ 

'.. 

00 

.■o 

S^ 

o 

« 

x: 

5 

3 

3 

a; 

u 

1) 

11 

r^ 

o 

'a; 

O 

3 

CJ 

yt 

(_J 

M 


c 

o 

•^* 

4>^ 

o 

<. 

c 

o 

-a 

•f" 

d) 

■(-> 

(/) 

o 

o 

0) 

c 

4-) 

o 

o 

s- 

s- 

Q. 

Q^ 

c 
o 


c 
o 


tj 

u 

CJ 

(U 

4-) 

4-> 

o 

p 

^ 

s. 

Ci. 

a. 

c 
o 


o 

4-) 

o 

C- 


c 
o 


o 

4J 

o 

S- 


c 
o 

•r- 
4J 

u 

0) 
■!-> 

o 

s- 
c_ 


c 
o 


(U 

■«-> 
o 

s- 


c 
o 


+-> 

o 


■a 

c 

lO 

r— 

m 

C 

c 

o 

O  3 

•r-   3 

•r-   O 

■t->  o 

+J   Qi 

rs  QC 

03 

■o 

-o     - 

c      «• 

c  c 

3    C 

3    O 

C    O 

C     •!- 

•r-   T- 

■r-    4-> 

+-) 

fO 

4-> 

OJ    « 

CJ     3 

o 

s-  s_ 

1.    4-> 

(T3 

3    (U 

3    U 

Q. 

+J    4-" 

4-1     3 

E 

3  r— 

3  t— 

»— 1 

Ll_    (13 

U.  4- 

c 

C 

c 

O  3 

o 

o 

•r-   C 

•f— 

•r— 

+j  ai 

4J 

4-> 

ro 

n3 

(0 

-a     •< 

-D 

X) 

c   c 

d 

c 

3    O 

3 

3 

C      •!- 

C 

C 

■r-     4-> 

•r- 

•r- 

rt3 

OJ    3 

dJ 

q; 

i.   4-> 

S- 

i. 

3    U 

3 

3 

4->    3 

4-J 

3; 

4-"   3 

3  1— 

3 

O 

3  O 

U.   <4- 

U_ 

cc: 

u.  q; 

c: 
o 


to 
-o 

c 

3 
C 


3 


3  O 


c 

c 

o 

o 

•  r- 

•r- 

4-> 

4-' 

(O 

ro 

•o 

t3 

c 

C 

3 

3 

C 

C 

•■— 

■"" 

OJ 

0) 

s- 

i- 

3 

3 

4-)   3 

4->    3 

3   O 

3  O 

u.  d; 

U-   Qi 

OJ 

l4_ 

l« 

l/» 

1/1 

QJ 

"O 

-o 

OJ 

■o 

T3 

TD 

-3 

, 

CT> 

t. 

i_ 

C7> 

s_ 

S. 

s- 

t. 

T3 

to 

•r- 

!S 

c 

n3 

•r— 

•r- 

j3 

J3 

•r— 

J3 

1. 

t. 

5 

"D 

T3 

-a 

-o 

■o 

■a 

s_ 

c 

C 

1. 

c 

C 

c 

c 

s. 

(U 

(O 

n3 

<U 

<a 

(O 

«3 

« 

o 

4-> 

r— 

4-» 

r— 

r— 

r— 

r— 

c 

o 

Q. 

C 

Q. 

Q. 

Q. 

o. 

4-) 

•r- 

3 

3 

•1— 

3 

3 

3 

3 

(O 

3 

s 

4-> 

#^ 

r— 

«\ 

•» 

A 

n 

A 

•T- 

0 

OJ 

2 

o 

O) 

01 

OJ 

QJ 

QJ 

o 

c 

o 

£ 

00 

^ 

E 

s 

E 

(/) 

E  f> 

(0 

fO 

<0 

M- 

(0 

i. 

IT3 

(O 

(O 

03 

s- 

n3    S- 

Oi 

en 

1- 

Ol 

en 

C7) 

O) 

o 

cn  O 

4J 

>, 

en 

o->+J 

Ol 

3. 

ai 

CD 

cn 

CD 

CL 

en  a. 

QJ 

(^ 

fO 

•r- 

•r— 

•r- 

•r- 

fO 

•<-    to 

(5 

C3 

s 

ca 

i. 

=2 

CO 

ca 

co 

i. 

CQ    S. 

o 


OJ 

4-) 

0 

4-> 

a 

^ 

Q 

Ci 

Q 

0 

0 

Q 

t/0 

►-' 

»— ( 

►— t 

>— 4 

>— * 

>— 1 

»— 4 

»— t 

;/1 

0*1 

iA 

</» 

00 

to 

1/1 

<U 

_ 

CJ 

- 

<u 

CJ  - 

CJ 

- 

QJ 

OJ 

•  ^• 

o 

0 

•f— 

•r-    0 

•r- 

0 

•r- 

•r- 

Sw 

o 

s_ 

0 

^ 

s-  0 

S- 

c 

S- 

S- 

fc 

i-l 

fO 

M 

ro 

«  c 

TJ 

0 

r3 

ra 

4-> 

CM 

4-> 

OsJ 

4-> 

^-J  <0 

4-J 

ro 

-lJ 

4-> 

3 

3 

3 

3 

3 

3 

3 

-/'. 

XI 

Vi 

X) 

XI    v- 

-O 

vl 

X5 

X 

•  r" 

•r— 

--^^ 

.^ 

•r- 

•^ 

•r- 

•r- 

S- 

T3 

S_ 

-3 

i. 

.1^ 

w 

i.    ^ 

i- 

■a 

s- 

S_ 

»J 

4-) 

c 

4-J 

%. 

0 

^  c 

4-> 

d 

tJ 

-^-> 

— 

l5 

^ 

0 

L. 

0 

0 

5 

i        =0 

oa 

r— 

=3 

iJ-. 

o; 

o3  ^t: 

oC 

f-— 

=e 

oC 

j_> 

!         i_ 

o 

s_ 

0 

S- 

sz 

r— 

i-  5 

i- 

0 

w 

i_ 

(^ 

CJ 

.u) 

cu 

+-> 

vU 

-J 

"3 

0)    4-> 

V 

+-) 

0 

0 

^ 

> 

J-l 

> 

-i-J 

> 

3 

"3 

>   4->       . 

> 

-»-> 

> 

> 

o 

^*   f— 

•r- 

c  .— 

•r— 

0 

■r— 

■r-     0    r— 

•r— 

D  1 — 

•r— 

•^* 

i        '2 

:2  i) 

Qi 

C2    CJ 

Qi 

'-0 

s: 

:;;  ca   0 

T— 

:::n    1) 

C^ 

— 

^ 

QJ 

fO 

u 

'yi 

3 

0 

c 

w: 

.^j 

0 

CJ 

T3 

CJ 

v.; 

-^ 

CJ 

2 

-J 

— : 

Cj 

CJ 

CJ 

CJI 

+-> 

E 

ii 

^ 

•^ta> 

'*> 

X 

>; 

, 

c 

^— 

>i 

CD 

'f~ 

>, 

3 

f3 

4-1 

c 

fO 

.13 

•1— 

0 

3 

i. 

1— 

5; 

00 

i^ 

vo 

a. 

:a 

ca 
r 

5 

0 

rj 

cr, 

c 

■o 
<u 


u 

■a: 

-a 
<u 
1/1 
o 


c  c 
o  o 


(J    (O 


2i 


c   c 
o  o 


o  en 
+->  -i- 

O   -kJ 

i.  -^ 

a.   E 


c  I— 
O    ra 


o 

C   -r- 

o  ^ 

•r-    ro 


O    TO    4-> 

s-  -a  •'- 

a.   nj   = 


c 
o 


o 

+J 
o 

I. 


o  o 


o  o 


OJ     CD 


O  ■1-' 

i.  -1- 


c   c 
o  o 


O)    CD 

+->    -r- 

O  +J 


a.  s       a.  = 


o  o 


0)  CD 

•(->  ■-- 

O  -iJ 

S-  -r- 

Q.    = 


(O  o  o  m 

o  ■!-)+-)  5D 

•<-  ns   u  O 

+->  CT>  O)  C 

•r-  •!-    +J  (O 

-O  ■!->     O  ^ 

"O  -I-    i-  E 

<  =  a.  a) 


C     C  r-    C     C  .— 


a 


<a  o 

c  •>- 

o  +->  o 

•>-  ro    O 

*J  CD  C 

"O  ■•->  ^ 


•C3 


*J  (U 

fO  u 

CD  C 

•I-  .TS 

•!->  J= 

•I-  c 

E  O 


</) 

c 

C 

c 

C 

c 

0) 

o 

O 

o 

o 

o 

•r- 

■  f— 

•r- 

•r* 

•f" 

•r" 

&. 

4-J 

4-> 

•M 

4J 

4-> 

<o 

(O 

(0 

rtJ 

to 

03 

+J 

■a 

■o 

T3 

■o 

-o 

3 

c 

C 

C 

c 

c 

JS 

3 

c 

c 

3    C 

c 

E 

c 

c 

C 

3     C 

3 

3 

•r— 

C 

o 

o 

C    O 

o 

O 

o 

o 

o 

c  o 

C 

C 

s. 

•n- 

•r- 

•r- 

•r-   '^ 

•r- 

■r— 

•r- 

•r- 

•^ 

•T—     -P- 

•  r— 

•  r- 

1— 

j 

(T3 

-t-J 
.t3 

r—     rtJ 

03 

i  1 

03 

03 

4-> 

4-> 

r-    ro 

r— 

^ 

■o 

-M 

03 

3 

3 

03      3 

3 

3 

3 

3 

3 

05    3 

ro 

03 

c 

<J 

•r- 

■!-> 

4-> 

•r-    +J 

+J 

+J 

+J 

+-> 

+J 

■r-    4-> 

<o 

03 

+J 

O 

o 

4-)     O 

O 

U 

U 

U 

O 

*■>  o 

+-> 

+J 

.^ 

'r- 

3 

3 

•r-      3 

3 

3 

3 

3 

3 

•r-      3 

•r- 

•  p— 

v.~ 

E 

c 

r— 

r— 

C   r— 

1 — 

p— 

r— 

r— 

f— 

C  /— 

C 

C 

01 

> 

»— ( 

"-• 

>+- 

Li. 

►-.  (4_ 

Ll_ 

U. 

LU 

Ll. 

U. 

1-,  <♦_ 

»-H 

*— « 

5. 

(T3    to 

^ 

f 

« 

A 

•r-     C 

OJ 

00 

to 

00 

</1 

«« 

^  o 

4- 

I/) 

T3 

-o 

■o 

T3 

»t 

n 

00 

E    -r- 

•  — 

i- 

S- 

s- 

t- 

I. 

gj 

Ol    00 

-a 

3  +-> 

f^ 

o 

•  f— 

•f— 

•r- 

•» 

«s 

•  r— 

E 

*» 

CD  S- 

s- 

I—  to 

•o 

+J 

JD 

ja 

JT! 

OJ 

r— 

r— 

ja 

03 

00 

c  o 

o   :3 

r— 

Q. 

^ 

s 

2 

CT) 

r— 

03   ■!-> 

ja 

00 

O  +-J 

•r— 

<o 

-o 

■o 

-a 

CO 

03 

o 

o 

T3 

2 

;-  a. 

s- 

o 

3 

i. 

c 

c:   o 

c 

S_ 

C7) 

4- 

<+- 

c 

•a    " 

03 

-a 

n 

O 

0)     3 

03 

03  •■- 

rt 

O 

S~ 

i- 

03 

C    00 

js 

i-    s- 

c 

00 

+J 

SZ  1— 

S- 

rv 

r— 

1—    +-> 

r— 

+-) 

CD 

(U 

<D 

03  1— 

03 

0) 

03 

^— 

□l 

•!->    U. 

O 

en 

Q. 

Q.    (O 

Q- 

Q. 

-r- 

■»-> 

+-> 

Q. 

1—     03 

^ 

-l->     ' 

s 

03 

c 

3 

3     3 

3 

-c 

X2 

03 

00 

03 

00 

3 

o.  E 

C    00 

Q. 

S- 

CTIf— 

■(-> 

•■- 

CT- 

t. 

5 

-o 

2 

■o 

3    E 

r— 

—  -a 

3 

s 

c:   0; 

ro 

+-> 

w< 

»•    03 

#\ 

«« 

i. 

s- 

•^ 

o 

ro 

5   s- 

ro 

M 

o   > 

+J 

i/i 

t-~ 

r— 

r— 

« 

I— > 

rs 

•r— 

f« 

■r— 

r— 

«S       d 

•  r- 

«i 

^ 

r— 

1—    CD 

•r— 

a> 

s 

a; 

3      ' 

s 

o 

2 

OJ 

XI 

O) 

^ 

3 

o 

o    ~ 

s_ 

O  X) 

QJ 

3 

<  —1 

jn 

c 

o 

j= 

O    00 

00 

o 

— 

O 

c 

c 

O 

^ 

E    <-> 

+-> 

OO 

E 

~ 

O 

o 

ra 

4- 

03 

M-    i- 

^— 

•+- 

03 

i^- 

fO 

■a 

03 

-o 

4- 

03 

O   -r- 

OO 

i- 

03  "O 

03 

u- 

t/l  i. 

31 

0) 

i- 

OT 

i.    O 

03 

i- 

cn 

i. 

C7) 

c: 

cn 

c 

S- 

CD 

cri+-> 

Ol 

O 

CD  C 

CD  +J 

s. 

a.  o 

>, 

00 

O) 

CD   +-> 

— 

o 

cu 

03 

03 

Ol 

03 

s_ 

■M 

03 

03 

<u 

3    4-) 

O 

+-> 

CD 

+->    Q. 

^ 

•M 

cr> 

4-> 

CP 

r— 

CD 

r^ 

4-> 

CTl 

cn  3 

1- 

CL 

CD.— 

cn 

3_ 

+J 

O    n3 

OJ 

o 

fO 

•r— 

03    fO 

ro 

03 

•r- 

ro 

r^ 

Q. 

03 

•  r- 

•r-    cr 

<D 

03 

•r-     d. 

%«/ 

ro 

5-  3 

>^ 

o 

3 

-Q 

3    S- 

— 

"^ 

JD 

cn 

3 

::a 

3 

3 

-O 

C3    .-0 

-(-> 

i. 

CO    3 

C3 

03 

3 

O 

S_ 

OJ    o 

J 

>+- 

1 

•:-    c 

\ 

r-     O 

z> 

a: 

oc 

0£. 

q: 

■o  -1- 

4-> 

o 

o 

O 

o 

r—    *J 

(O 

^^ 

•«-     (T3 

+-> 

< 

< 

< 

•a: 

< 

"o: 

<C 

<: 

■a: 

Q 

< 

3  "2 

'y) 

3 

3 

-s- 

3 

3 

3 

3 

•— ■ 

-o  5 

c   c 

a  —< 

i/i  (— 

.:>£ 

•■O    (O 

u 

aj  — 

o 

s.  ■*-• 

s. 

<  — 

■ — 

>> 

c 

V) 

^-N,^ 

yo 

+-»  — 

o 

J=    o 

^ 

;/l 

m 

^^ 

•p— 

"2 

-C 

n.  o 

•m^ 

O 

■U     i. 

OJ 

(/I 

^ 

'O 

O  r— 

>» 

s: 

•r-     O 

^— 

a 

03 

5 

03 

wO     3 

1 

^    V- 

mX 

,— 

r— 

>i 

Cii 

r— 

CJ 

O    O 

ro 

-3 

fO 

o 

•  — 

— 

05 

■o 

— 

OO 

2i 

-i  ■~' 

O 

r— 

"~~     E 

.— 

> 

(O 

Q 

>> 

i. 

Jj 

3 

>— * 

0) 

o 

) 

CJ 

^ 

S- 

o 

,-) 

3. 

>, 

•y) 

4-  -o 

oo 

•r— 

>!•'- 

^ 

E 

^ 

rc 

u- 

OJ 

■3 

.^ 

.;^ 

o   :; 

^-B 

... 

—>      -^ 

'J 

"" 

^ 

J^ 

Z 

E 

d 

O 

tJ 

p«. 

•r-     fO 

p—a 

>, 

•<-   -a 

^ 

o 

_n 

O 

u 

O 

1. 

■0 

o 

O 

iJ 

r^  -^ 

O 

s-   en 

. 

:a 

t— 

s: 

a. 

_j£ 

*• 

'•^  w 

s 

o  — 

Q.  S 


CSJ 
CJ 


J2 

03 


i). 

>, 


o 


to 


3 
o 


76 


c 
o 

< 
■o 

O) 

I/) 

o 

a. 
o 

s~ 
a. 


»  -M 

•>  +-> 

"  ■(-> 

"  +-> 

»* 

-!-> 

^_ 

C    C 

^ 

c 

^ 

E    C 

r— 

c  c 

r— 

c   c 

r— 

c 

E 

(B 

o  cu 

fO 

o 

rO 

o  <v 

ro 

o  aj 

fO 

o  gj 

(O 

o 

0) 

c 

■r-     != 

c 

'f— 

C 

■<-   £ 

C 

•1—  — 

c 

•'"    H 

c 

•r" 

^ 

o 

+->    0) 

o 

+J 

o 

+->    OJ 

o 

■U    0) 

o 

4J     0) 

o 

+-> 

OJ 

•r- 

(0    o 

•r- 

(O 

tt3    (J 

•r- 

rO    (J 

•r- 

n3    !J 

•r— 

ns 

o 

4-> 

CD  C 

■(-> 

Ol 

+-) 

CT  C 

4-J 

cn  c 

+-> 

+->    C 

+J 

CD 

d 

■1—    fO 

•r— 

•r— 

•r-    ro 

•  p- 

■r-     (O 

•r— 

•:-     (O 

•r— 

*r- 

S 

-o 

+->  J= 

"O 

+J 

■o 

4->    ^ 

■o 

+-I   -C 

-o 

CD-C 

■o 

+-) 

-»- 

"O 

■r-     C 

■a 

-o 

•r-     C 

■o 

•r-     C 

•o 

•1-    C 

"O 

*^~ 

c 

<: 

S    OJ 

< 

£ 

•a: 

£   OJ 

<: 

E  O) 

< 

=    OJ 

■a: 

£ 

111 

c 
o 

<a 

T3 

c 

3 
C 


C 

o 


c 
c 


c 
o 


-o 

c 


c 
o 


c 


c 
o 


c 
rs 
c 


c 
o 


n 
•a 

c 

3 


4-> 

o 
ro 


ro 


Q.         •>- 


ro 

c: 


ro 


<u 


ro 


a; 


to 

^ 

T3 

Qi 

O) 

0) 

+-> 

&- 

B 

ai 

C71 

ro 

ro 

c 

c 

+-> 

5    O 

C71 

ro 

ro 

•f— 

i- 

s- 

JD 

X)  ■»-'    (/I 

-o 

ro 

c  ro   5- 

c 

i- 

S- 

x: 

ro  3  o 

ro 

cu 

ai 

r—  a-+-> 

r— 

■!-> 

4-> 

s. 

Q.  ro  cl 

Q. 

c 

c 

Ol 

3        ro 

3 

•f— 

•r- 

0) 

"  i~ 

3 

3 

■o 

t\  r— 

*s 

0) 

Ol    5      " 

CU 

OJ 

0) 

-(-> 

H 

E   O   1/1 

£ 

LO 

E 

E 

c 

ro 

ro  4-   r— 

ro 

S- 

ro 

ro 

QJ 

cr 

a>  s-  ro 

QJ    E 

en 

o 

O) 

O) 

■o 

CT 

a>-t->  E 

CD 

Q. 

CD 

D1 

•r- 

•r-  ro  ro 

•r- 

ro 

•r- 

•r- 

CO 

m  2  £ 

CQ 

i- 

C^ 

CQ 

Qc: 

■<-> 
ro 

+-> 


o 


a: 
o 


L. 

■t-> 

<u 

>4- 

C71 

■(-> 

•r" 

c 

l/l 

£ 

5 

"^  o 

-!-> 

o 

ro 

<^ 

00  _l    0! 

3   '~-. 

IJ— 

C2 

r—  ^"^  f*" 

o  s_ 

**^^ 

c 

^—     ^    'r— 

^    <D  ^ 

s_ 

U 

■r- 

5 

ro  ro  = 

!j_  Q    Q 

O   +->    01 
O    X    CJ 

0) 

c 

1_ 

c 

>, 

_!     O     S- 

Ol 

3 

^ 

o 

<D 

O     1-    -r- 

i_ 

---,  Q  <_> 

a. 

^2 

Xl 

c  o  z 

ro 

^  "^^ 

OJ 

+J 

^.^^ 

ro  >  ~-^ 

-o 

ro  ••->  io 

^ 

TD 

3 

ro 

0) 

^  •--    OJ 

c 

CT   C   r— 

CJ 

*- 

(J 

O    4-  -i^ 

3 

3   ■»-   r— 

CJ 

3 

.^_ 

o 

ro 

Q.  a.  ro 

O 

o  o  -^ 

^ 

O 

.^ 

_i 

>- 

ty^  Z2  —i 

•23 

O  Q_  — 

o 

s^ 

C 

O 

a 

<u 


^ 

1/1 

^mm 

■a;    Ol 

'^■ 

+J  •.- 

•ji 

11 

•i->    s_ 

0) 

CSJ 

O) 

i. 

a;  ro 

— 

■u 

=  +-= 

ro 

3 

GJ 

s_' 

«1 

ro 

ro   3 

•^ 

-*- 

f""" 

OJl 

j>^ 

-3 

r—    J2 

•i-> 

O 

J3 

>j 

'5 

o 

1 —   'f— 

E 

1/1 

ro 

(U 

c 

s 

•f—     ^ 

ro 

o 

1— 

SI 

_l 

I/O 

o_ 

3  h- 

■J") 

' — ■ 

77 


o 

f\ 

«c 

c 

c 

o 

o 

T3 

•r- 

•r" 

<U 

•t-> 

4-> 

CO 

O 

ITS 

O 

(U 

CD 

CI. 

+J 

•r— 

o 

o 

+J 

i. 

;- 

•r* 

a. 

a. 

E 

o  o 

•r—  'r- 

o  +-> 

Q-  S 


r-     C 

(O  o 
C  -1- 
O  +J 

■r-     (T3 

-a  •<- 
<   £ 


r-  C 

(O  O 

C  -r- 

O  +J 

•r-  fO 

■(->  a> 

•o  +-> 

•g  T- 

<  S 


r—     C 

ns   o 

C  -r- 
O    ••-> 

•I-   <a 

■♦->  CTI 
•r—    'r™ 

-o  +J 
■a  •'- 
<  E 


r—    C 

.—   c 

<a  o 

CO    O 

c  •!- 

C  •<- 

o  ■»-> 

O  -M 

•r-    (0 

■r-     (O 

+->    O) 

4-)     Cn 

•r-   'r— 

•r—   'r- 

T3  4J 

■O    -M 

-a  •-- 

■O     T- 

<  s 

<   E 

(T3  O 

C  •<- 

O  -M 

■r-  nj 

4->  0> 

•f—  T* 

■O  -M 

-o  •<- 


en 


•r- 

n 

A 

c 

c 

c 

T3 

4J 

■M 

0) 

0) 

OJ 

c 

C 

C 

TT 

^ 

<U 

<u 

CU 

OJ 

o3 

<u 

Z 

E 

Ol 

Ol 

Ol 

cu 

S 

to 

(O 

« 

c 

en 

Ol 

c 

c 

c 

•  r— 

ro  c: 

ro  c 

rtJ    c 

CO    C 

(T3    C 

O) 

c  o 

c  o 

E   O 

E   O 

E    O 

nj 

(O  -r- 

(0   -r- 

•r- 

•r- 

•r- 

CQ 

E  ■*-> 

E    4-» 

3   +-> 

3  +-> 

3  4J 

fO 

<o 

o  m 

O    « 

O    fO 

fO 

3    5- 

3    S- 

a:  i. 

a:   s- 

q:  s_ 

•r- 

O    <D 

O    0) 

<u 

<u 

OJ 

JD 

OC  4-> 

q;  +j 

cn+J 

oi+-> 

Ol  *-> 

E 

r— 

^— 

C  r— 

C  1— 

C  f— 

3 

■t-> 

Ol    fO 

OJ    <9 

•r-     (O 

•#-    fO 

■r-     (O 

O 

i- 

i. 

+J 

+J 

+J 

'o 

(O 

3  -a 

3  -O 

1/1    "O 

1/1  "O 

1/1  -o 

O       , 

Q. 

•*->  c 

4-)     C 

•I-    c 

■<-  c 

•<-  c 

E 

3    fO 

3    (O 

X    (O 

X    rtJ 

X    CO 

0) 

»— 1 

U_  r— 

U.   r- 

UJ  ^ 

LaJ  1 — 

LU  1 — 

c 

c 

(U 

§ 

o> 

en 

<0 

« 

c 

c 

<o  c 

(0   c 

^  ° 

E   O 

•  f— 

3  IJ 

3  +-> 

O    O 

O    CO 

c:  s- 

cc  s- 

<u 

0) 

Ol+J 

O)  +-• 

C  1— 

c  ^ 

•r-    (O 

■r-     f3 

+J 

+-> 

1/1  -o 

i/l  "O 

•r-     C 

•r-     C 

X    lO 

X    ro 

LU  .— 

LU  ,— 

4) 


0? 

O) 

(O 

c 

c 

£ 

o 

•r- 

3 

4J 

O 

(O 

OH 

S- 

<u 

014J 

c 

f— 

•r- 

(O 

■u 

(/) 

T3 

•1— 

C 

X 

<o 

•'- 

Q) 

(T3 

(0 

TO 

•r— 

(0 

CO 

<+- 

S- 

^H 

s. 

^ 

L. 

L. 

tl 

1- 

4-> 

(0 

+-> 

cu 

+J 

•t-> 

+J 

o 

-o 

•o 

00 
QJ 

1. 

00 

0) 

'  E 

ol    03 

to 
OJ 

00 
CU 

00 

OJ 

ts 

S_ 

+J 

s_ 

r—     CTI 

s- 

s- 

S- 

n— 

ll 

•r- 

1. 

#t 

01 

#* 

1- 

f^ 

TO     C 

s_ 

n 

i- 

#t 

s- 

3 

i- 

3 

0) 

OO 

o; 

00 

di 

00 

o; 

OJ 

O) 

^ 

a> 

O 

o 

+J 

t. 

s- 

t. 

+-> 

s_ 

4-> 

c: 

+J 

ff 

+j 

4- 

o 

&. 

o 

&. 

O 

o 

TO 

TO 

(0 

s- 

O 

« 

+-> 

OJ 

+-> 

^ 

+-> 

E     •" 

•V 

O) 

A 

CT 

r> 

<u 

S- 

00 

Cl 

+J 

a. 

trt 

c 

lO 

00 

C 

CO 

C 

00 

■!-> 

<D 

4-> 

■o 

« 

ra 

-a 

fO 

r—    -O 

-o 

o 

TD 

o 

-o 

TO 

s 

(O 

s_ 

i- 

n 

s- 

S- 

i. 

TO      S_ 

S_ 

c 

S- 

c 

s> 

3 

o 

+J 

•  r- 

r— 

f— 

•  r- 

•r-   T— 

•f— 

(— 

•r- 

r— 

•r- 

Q. 

•  r— 

J=l 

** 

3 

5 

^ 

^ 

n 

S-  X3 

CIJ 

JD 

A 

3 

J3 

f« 

3 

^ 

n 

Xi 

W1 

o 

o 

(/> 

0) 

00 

OJ 

+-> 

E 

00 

O 

to 

o 

00 

ai 

CD 

TO 

XJ 

r— 

4- 

<+- 

r— 

~ 

•o 

1— 

^ 

00  T3 

TO 

■o 

r™ 

<+- 

-o 

^— 

<♦- 

-o 

r— 

s 

C 

c 

(O 

S- 

i. 

n3 

fO 

c 

fO 

.-a 

OJ     != 

Cj) 

c 

2 

i_ 

C 

ra 

i. 

c 

TO 

TO 

o 

OO 

C 

cu 

OJ 

CI 

CD 

fO 

i 

CT) 

S.    TO 

TO 

H 

CD 

TO 

1 

cu 

TO 

= 

Ol 

>> 

E 

+-> 

+J 

S3 

C 

r^ 

S.  1— 

cn 

(^ 

+J 

r— 

•♦-> 

f— 

E 

c 

< 

<u 

'a. 

(T3 

fO 

5 

5 

o 

CL 

2 

o 

QJ  a. 

'r- 

Q. 

f^ 

TO 

£X 

§ 

TO 

Q. 

TO 

o 

00 

ii 

=) 

E 

3 

E 

c 

Z3 

E 

c 

1—   3 

JD 

ID 

- 

3 

ID 

£ 

3 

ID 

— 

c: 

5" 
o 

1. 

^ 

CJ3 

cu 
4-> 

>— < 

o 

0) 

n3 

>,^^ 

^..^ 

•+- 

+J 

C^ 

t—  <: 

Q 

Q 

f^^ 

cs: 

<: 

■r- 

oo 

o 

s: 

3 

•— ' 

►— ' 

O 

o 

3 

C7) 

r— 

3 

J3 

O 

<+- 

«S 

i- 

00 

(U 

r~- 

+J 

TO 

TO 

g 

3 

TO 

rt 

E 

(U 

c 

, — 

TO 

TO 

Ol 

•r- 

C 

i. 

o 

+-> 

c 

to 

(1) 

»> 

t- 

o 

i. 

E 

CU 

TO 

1— 

O) 

-O  ■UJ 
C  TO 
TO    Ol 


TO  •'- 


<  ^ 


J    — ! 

TO    U 

=    i) 

>,  O 


Ol 


=:^! 


CU 

1 

to 

0) 

9* 

CU 

c 

Ol 

c 

S. 

^— 

1 

•r— 

e 

•r— 

OJ 

^ 

n— 

r*" 

■4-i 

f— 

•r- 

r-.. 

* 

'   > 

•    TO 

.       #» 

•   -r- 

s-  s_ 

■  -p— 

>"* 

1- 

VI 

X     •!- 

1/1  J= 

71     >,                     X 

1/1     > 

01 

a)  a 

LO     > 

to 

•  r— 

'~\ 

ol 

U  c:i 

E     00 

—    ;.   0;    to    CJ 

=  aj 

C 

i-  -o  5  3 

C    OJ 

•r- 

o 

to 

to 

00 

TO 

r— 

TO    i- 

TO    TO  —  ~  "^ 

TO    C 

TO 

O  -r-    o    c 

n3    C 

3 

Q. 

c 

c 

^~. 

S-  ^ 

i-    O 

s-  c 

1/1 

S- 

o-s:  -J  -1 

^    ^ 

CJ 

-o 

TO 

•;J 

TO 

4-1 

_2 

^3 

-^  tj  '^  1j    E 

->  o 

0) 

OJ 

+J 

•i->    o 

_J 

•r- 

i- 

O 

i. 

5  "to 

s    'no 

ca 

.1-) 

^    «    ^    » 

ca 

ZZ 

.t^J 

4-> 

Ol 

Ol 

o>        >,        CJ> 

Ol 

♦J 

i. 

Ol 

TO    TO    TO 

Ol 

*> 

r" 

^  oi 

C            TO       «• 

•** 

OJ 

TO 

c 

c 

M 

i> 

> 

Cj 

> 

■  ^— 

.  • 

•r-       •  • 

•r-     ■•   G     i/l     C 

•.—   * . 

4-> 

■  ■555 

•r—      •  • 

+-> 

i. 

r" 

.^ 

J>i 

—J 

to 

C     S- 

»->      '/I 

.lJ    to          o    c 

•i-)    ol 

TO 

3 

+J 

t/1     —     —    ;= 

OJ 

4-)      00 

■r— 

3 

•r— 

^ 

,_ 

vO 

O 

>i  i; 

yi  a 

.O      1)     =   ^     >, 

yi    O 

-O 

■/I 

ai   3  5  - 

-^ 

01    OJ 

^— 

4-) 

f.— 

o 

■i-j 

r— 

c 

■  r— 

*r—     ^ 

•^"    £1  SZ  —    ^ 

—   c 

^.^ 

•r— 

•  ^- 

•2   ^—   ^"^   r— 

TO 

■f—    ^ 

3 

=! 

TO 

o 

3 

a 

o 

X 

•  r* 

TO    « 

X  V- 

X   —     C     13     TO 

X  •>- 

•  (— 

i_ 

X 

■r-      O     O      O 

■;Z 

X  •— 

o 

^^ 

s: 

_T 

Ll. 

« 

'^") 

UJ 

. 

^   rj 

LiJ  . — 

i_i .—  -3  :o  o 

LJ  r— 

3 

1— 

UJ 

^   CJl  C_J  o 

^ 

-J  1 — 

c_J 

-=    Ol 

TO     ll 


o 

■!-> 

TO 

o 

TO 

g 

•  r— 

■!-> 

^~ 

C 

TO 

'/I 

o 

-o 

TO 

0) 


o 

GO 
CU 

I. 

o 


c 

•■A 

3 


C 
O 


Ol 

c 


1/1 


CJ 
2£'        t/1 


3  Z 


-0 


75 


Each  of  the  three  States  listed  its  highest  priority  projects-,  those 
needing  protection  from  future  inundation  or  mitigation  of  past  inundation 
and  fluctuation  impacts.  Those  projects  that  occurred  on  the  boundaries 
of  two  States  are  discussed  under  the  section  "Interstate  Programs." 
Those  projects  lying  entirely  within  one  State  are  discussed  individually 
under  "Intrastate  Programs." 

5.3  Interstate  Programs 

5.3.1  Projects 

The  projects  considered  in  this  section  are  those 
involving  more  than  one  State  that  are  considered  high  priority  for 
protection,  mitigation,  and  enhancement.  The  five  projects  are  the 
Hells  Canyon  Complex  on  the  Snake  River;  Bonneville,  The  Dalles,  John 
Day,  and  McNary  Dams  on  the  Columbia  River.  All  five  of  the  projects 
were  inundation  projects  that  had  significanf negative  impacts  on  habitat 
and  wildlife  that  were  either  unmitigated  or  unsatisfactorily  mitigated. 
The  four  Columbia  River  projects  are  also  listed  as  priority  projects 
for  protection  for  and  mitigation  and  enhancement  of  v/ater  level  fluctua- 
tion impacts. 

5.3.2  Impacts 

'he  .-'ells   Ca-iyon  complex  consist?  of  three  major 
hydrcelectric  projec':5  ci   the  Snake   ^iver  bordering   Ijahc   "in-i  Oregon. 
All   of  the  projects  were  consfjcted  oy    ■'jahc   ^ower  r:iriDany. 
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Brownlee  Dam,  located  at  Ri'-^  285,  was  completed  in  1959.  The  reservoir 
is  approximately  15,000  surface  acres  at  full  pool,  and  inundates  55 
miles  of  the  Snake  River. 

Oxbow  Dam,  located  at  RM  273,  was  completed  in  1961.  The  reservoir  is 
13  miles  long  and  has  a  capacity  of  1,145  surface  acres  at  full  pool. 

Hells  Canyon  Dam  is  located  at  RM  247  and  was  completed  in  1968.  The 
reservoir  is  2,500  surface  acres  at  full  pool  and  is  23  miles  long. 

Inundation  by  these  three  dams  flooded  big  game  habitat  that  was  used 
primarily  during  the  winter  and  spring.  Data  compiled  several  years 
following  inundation  (Asherin  and  Claar,  1976)  indicate  moderate-to- 
heavy  use  by  mule  deer  along  the  undeveloped  portions  of  the  shorelines. 
Prior  to  inundation  this  use  extended  to  and  included  the  rioarian  zone 
along  the  river. 

The  three  dams  were  authorized  for  construction  under  FERC  licensing. 
Mitigation  previsions  were  included  for  loss  of  upland  bird  and  water- 
fowl habitat  by  the  acquisition  of  tpree  islands  in  the  free-flowing 
stretch  of  Snake  River  above  the  Brownlee  oool  .  \'o  -^litigation  v/as 
included  for  the  loss  of  bia  qa.";e  anr;  terrescr-'al  Tiammal  '-laDitat. 


Bonneville  Dam,  cor-pleted  in  1?33.  inundated  i7  -liles  of  the  Coluroia 
River.   Losses  of  nesting  habitat  ^nd  riparian  ve:;et3rion  it'oacted 
water'cwl  ,  raptors,  songbird?,  and  te'~res*''i  il  nia.rmal?.  '.Jater^owl  i^se 
the  pcol  '.':r  nesting  at  the  ore.>en"  t'me.   -  re^^r'.t  r.f^ir.   sej'':"^  reve^lec 
95  goose  nes".;  jn  Scnr.evi "  le  ?col  '~^c-or   ^t  al,  '9'-^0).      3orr.evi'"e  ^^rl 


n 
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fluctuates  3  feet  daily,  causing  erosion  of  islands  and  the  shorelines 
and  posing  a  threat  to  the  security  of  nesting  and  brooding  geese. 
Wildlife  losses  due  to  inundation  and  fluctuation  of  Bonneville  Dam 
have  never  been  mitigated. 

The  Dalles  Dam,  completed  in  1968,  inundated  24  miles  of  the  Columbia 
River  and  formed  an  ll.OOO-acre  lake.   Losses  of  riparian  vegetation  and 
island  habitat  due  to  inundation  have  severely  impacted  wildlife  in  this 
dry,  rather  barren  area.  Some  nesting  by  geese,  ducks,  and  gulls  occurs 
on  the  reservoir,  the  area  is  also  used  for  resting  by  migrating  waterfowl 
(USAEC,  1975).   The  pool  has  a  daily  fluctuation  of  3  feet,  which  is 
causing  erosion  of  islands  and  shorelines  and  causing  problems  for 
nesting/brooding  waterfowl. 

John  Day  Dam,  completed  in  1968,  inundated  77  miles  of  the  Columbia 
River  and  formed  a  55,000-acre  reservoir.  Wildlife  habitat  losses  due 
to  inundation  were  extensive  (USFWS,  1961).  A  preimpoundment  study  by 
the  USFWS  (1961)  predicted  a  loss  of  50"i.  of  the  mule  deer  harvest,  80"- 
of  the  pheasant  habitat,  26  nesting  islands,  and  2,669,000  waterfowl 
usedays  in  the  project  area,  along  with  losses  of  aquatic  and  terrestrial 
mammals.  Wildlife  losses  have  been  partially  mir.icated  oy  acq.n'si^ion 
and  management  of  lands  for  wildlife,  but  opportunities  exist  for  further 
mitigation.  John  ?:ny   reservoir  has  a  daily  f  i  :jCt;jation  of  3  feet  and 
operating  extremes  of  11  feet,  and  erosion  of  islands  aid  shorelines  is 
a  problem.   Fluctua'ions  cause  problems  for  nesting/hrooainq  wate^fcwl, 
denning  aquatic  maTmals.  and  deer  that  fawn  or  islands  in  ihe  .-"eservGir 
Cabor  et  al  .  1930;. 


McNary  Dam,  completed  in  1953,  inundated  53  miles  of  the  Columbia  River, 
including  extensive  waterfowl  nesting/wintering  habitat.  A  total  of  23 
nesting  islands  were  inundated  (Hansen  and  Oliver,  1950)  along  with 
goose  brooding  areas  and  sloughs.  Harvest  records  show  a  decrease  in 
average  annual  duck  harvest  in  the  project  area  of  15,225  ducks/year 
after  inundation.  Goose  harvest  decreased  by  853  geese/year  after 
inundation  (Washington  Dept.  of  Game  harvest  records).  Wintering  waterfowl 
in  the  area  have  peak  populations  in  the  hundreds  of  thousands  (USFWS, 
1979).  Upland  birds,  beaver,  muskrat,  raptors,  songbirds,  shorebirds, 
and  colonial  birds  also  inhabit  the  area.  Mc'lary  Pool  has  a  daily 
fluctuation  limit  of  5  feet  and  operating  extrerres  of  15  feet.  Increased 
fluctuation  following  the  construction  of  the  second  powerhouse  at 
McNary  Dam  will  result  in  additional  adverse  impacts  on  wildlife. 
Impacts  identified  by  the  USFViS  (1975)  that  will  occur  as  a  result  of 
the  second  powerhouse  include  decreased  waterfowl  production,  increased 
waterfowl  mortality  due  to  predation,  a  decrease  in  waterfowl  feeding 
and  resting  in  the  area,  and  stress  on  fur  mamnials  during  the  whelping 
season.  Losses  at  Paterson  Slough  (John  Day  Pool)  are  expected  to 
amount  to  a  25'=  decrease  in  annual  waterfowl  producion  accompanied  by  a 
decrease  of  214,000  waterfowl  use-days  (USFWS.  1975).  McNary  Project 
has  been  partially  nntigated  by  acquisition  and  nanageirent  of  lands  for 
wildlife,  but  opportjni'.ies  exist  for  further  -ni  rigation. 

Unmitigated  delayed  development  of  snorelines  has  also  i.-npacted  wildlife 
and  habitat  along  lower  Zol'jir.bia  ""eservoirs. 

Sor;e  'jprnici gated,  but  authorized,  uses  of  public  shoreiands  include: 
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1.  Irrigation  pumping  plants  -  Directly  occupy  riparian  habitat; 
serious  secondary  impacts  include  conversion  of  big  game 
winter  range  (Columbia  and  Snake  Rivers) 

2.  Industrial  and  recreational  developments  -  Directly  occupy  anJ 
destroy  riparian  habitat,  introduce  harassment  and  disturbance 
factors,  pollution,  and  often  dredging  and  spoil  disposal 
(Columbia  and  Snake  Rivers) 

3.  Private  use  facilities  -  PUO's  often  permit  private  use  of 
shorelands,  pumping  plants,  orchards,  pastures,  boat  docks, 
lawns,  garbage,  fencing,  etc.,  excluding  wildlife  and  public 
use  (mid-Columbia  PUD's). 

4.  Transmission  corridors  -  Sometimes  cross  wildlife  mitigation 
projects  (Crow  3utte,  Mc'lary  WRA,  etc.) 

Proposed  corrective  actions  include: 

1.  Requiring  mitigation  of  wildlife  impacts  through  existing 
permit  systems; 

2.  Disallow  v/ildlife  habitat  to  develop  on  reservoir  shorelands 
not  designated  for  wild'!ife;  or 

3.  Designating  wildlife  .us  a  princ'oal  use  of  ouolic  shorelands, 
requiring  conflicting  jses  to  pursue  other  channels  for  per- 
mission to  develop. 

5.3.3    Protection,  '•litigation,  E-ihance-nent  Measjres 

All  five  orojects  shc^jld  be  protected  from  furtner 
inundation  and  -Ijctuaticn  impacts,   .-locdinq  of  in-oortant  islands. 


shorelands,  and  riparian  habitats  used  by  wildlife  should  be  avoided. 
Goose  nesting  islands  in  John  Day  and  MciNary  pools  should  be  protected  from 
future  operational  changes  such  as  oool  raises.  Short-term  fluctuations 
at  islands,  shorelands,  and  riparian  habitats  used  by  wildlife  during 
important  use  periods  should  be  avoided  or  minimized.  Specific  recom- 
mendations to  protect  important  wildlife  use  periods  include: 

Canada  Goose  nesting:  late  February  through  mid-June 
Duck  nesting:  mid-March  through  mid-June 
Colonial  birds  nesting:  early  March  through  August 
Beaver  and  muskrat  denning:  February  to  mid-September 

During  nest  and  den  site  selection,  the  maximum  water  level  expected 
during  the  nesting/denning  period  should  be  reached  at  least  once  e^ery 
3-4  days  to  encourage  selection  of  secure  nest/den  sites  (Tabor  et  al 
1980). 

Establishing  general  minimum  and  maximum  water  levels  during  key  use 
periods  by  wildlife  would  also  protect  wildlife  and  habitat  in  the  five 
projects.   Fielder  (1973)  determined  monthly  maximum  fluctuation  and 
maximum  and  ninicum  river  elevations  tole^'abie  •^or  wildlife  activities 
in  each  reacn  of  tne  Columbia  and  Lower  Spa'<e  divers,  "^hese  ?.nd 
additional  •-ecomre.'idations  ."or  or-otection  'lave  been  discjssed  in  greater 
detail  in  Section  3. 

It  is  recommended  that  unmit-'gareci  "losses  c'  wi "idl  ife  on  Metis  'anycn. 
Bcnnevil'e,  and  '■^e  raises  project's  be  m'f':jaten.  Acdit-ional  -^itigaf'on 
of  initial  inundation  and  water  f'uct'jacion  i^-oacts  is  rec?mm=naec  on 
.McNary,  Jci-'r  Day,  ~he  Dalles,  and  Sconevil'e  ocols. 


Loss  of  big  game  winter  range  in  Hells  Canyon  caused  by  the  Hells  Canyon 
Complex  should  be  mitigated  by  acquisition  of  lands  adjacent  to  the 
reservoir  and  management  of  those  lands  for  big  game. 

Mitigation  of  the  lower  Columbia  pools  could  be  accomplished  by  limiting 
daily  fluctuations  to  less  than  3  feet;  replacing  riparian  vegetation; 
creating  subimpoundments  not  subject  to  fluctuations;  or  dedicating 
shorelines,  reservoirs,  or  reaches  to  wildlife  management  by  pool  stabili- 
zation. Examples  of  the  latter  are  John  Day,  McNary,  and  Hanford,  where 
wildlife  use  if  high,  and  potential  for  wildlife  management  is  great. 
Stabilization  of  water  levels  in  any  one  or  all  of  these  reservoirs 
would  greatly  improve  habitat  for  deer,  geese,  and  furbearers  in  particula 
Specific  locations  for  replacing  riparian  vegetation  include  all  Columbia 
River  reservoirs.  Recommended  sites  for  creation  of  subimpoundments 
include  (from  Tabor  et  al ,  1980): 

3elow  Bonneville  -  Washington  shore  (RM  123);  Sand  Island,  slough 

at  SW  end  (RM  131):  Arthus  Lake  (RM  137-139):  Pierce  Island  (slough 

in  center  or  island)  (RM  142);  Ives  Island  (slough  near  north 
shore)  (RM  142.7). 

Bonneville  Pool  -  Oregon  snore  (RM  152.1);  Oregon  ;:iore  (RM  155.5): 
Oregon  shore  (RM  182.3);  Oregon  snore  (RM  133.2;;  and  O'"egon  snore 
(RM  190-191). 

The  Dalles  Pool  -  Oregon  shore  (RM  197):  Oregon  shore  (RM  210-212) 
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John  Day  Pool  -  Whitcomb  Island  slough  (RM  265.5-269.2):  several 
small  sloughs  on  Washington  shore  (RM  273-276):  Oregon  shore  (RM 
272-274):  Paterson  Slough  (RM  278-280);  one  large  subimpoundment 
or  several  small  ones;  and  Washington  shore  (RM  290.3). 

McNary  Pool  -  Slough  on  south  bank  of  mouth  of  Walla  Walla 
River;  Slough  on  north  bank  of  mouth  of  Walla  Walla  River;  one 
large  or  several  small  subimpoundments  at  mouth  of  Burbank 
Slough  (RM  218);  several  sloughs  on  east  shore  (RM  323-324.5); 
and  many  possibilities  in  Yakima  River  delta  area  (RM  334.5-335). 

These  mitigation  recommendations,  and  others,  are  discussed  more 
completely  in  Section  3.  Enhancement  measures  for  the  five  projects 
include  acquisition,  development,  and  management  of  replacement  habitat 
offsite,  for  development  of  food,  cover,  and  watersheds  of  impacted 
species.  Evaluation  of  suitable  habitat  should  be  made  on  a  project-by- 
project  basis.  Replacement  habitat  should  possess  as  many  of  the  following 
qual ities  as  possible: 

(1)  An  area  capable  of  improvement  for 
imoacted  species,  using  habitat  :::anagement  techniques. 


(2)  Located  as  close  to  the  ^Tipact  area  as 


jo  s  s  i  0 1  a 


U, 


•  n  area  conra":mnc:  cri-icai   namtac  'or 


ir.pactec  sDedes. 
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Specific  measures  and  locations  for  enhancement  on  the  interstate 
projects  are  not  available  at  this  time,  and  warrant  additional 
investigation. 

Additional  enhancement  measures  are  discussed  in  greater  detail  in 
Section  3. 

5.3.4    Additional  Studies 

Additional  studies  are  needed  to  identify  sites, 
opportunities,  and  measures  for  protection,  mitigation,  and  enhancement 
of  habitat  and  wildlife.   Investigations  specific  to  each  reservoir 
should  be  conducted  to  develop  baseline  habitat  and  wildlife  data  and  to 
test  and  evaluate  mitigative  measures.  Additional  studies  are  discussed 
further  in  Section  4. 
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5.4     Intrastate  Programs 

5.4.1    Washington  Program 

Six  projects  on  the  Columbia  River  in  Washington 
were  prioritized  for  protection,  mitigation,  and  enhancement  of  wildlife 
and  habitat.  Those  six  projects  are,   in  order  of  priority:  (1)  protec- 
tion of  the  Hanford  Reach  from  future  inundation,  (2)  mitigation  of 
inundation  impacts  of  Grand  Coulee  Dam,  and  (3)  mitigation  of  water- 
level  fluctuations  in  and  initial  inundation  of  McMary,  John  Day,  The 
Dalles,  and  Bonneville  pools. 

The  Hanford  and  Grand  Coulee  projects  are  discussed  in  this  section. 
Because  the  four  lower  Columbia  Dams  also  occur  in  Oregon,  those  projects 
are  discussed  in  the  section  "Interstate  Programs." 
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a.   Hanford 

The  Hanford  Reach  is  the  last  remaining  free  flowing 
section  of  the  Columbia  River.  The  reach  extends  from  RM  350  to  RM  397, 
a  total  of  47  miles.  The  reach  is  bounded  by  Priest  Rapids  0am  at  the 
upstream  end,  and  the  tail  water  of  McMary  Dam  at  the  downstream  end. 
Water  releases  from  Priest  Rapids  Dam  cause  water  level  fluctuations 
ranging  from  5  to  15  feet  (Fielder  and  Perleberg,  1981). 

Many  wildlife  species  are  present  along  the  Hanford  Reach.  Some  of  the 
more  important  species  are  waterfowl,  mule  deer,  and  raptors. 

The  reach  is  important  to  waterfowl  at  all  seasons  of  the  year.  An 
estimated  300  adult  pairs  of  Canada  geese  nest  on  the  islands  and 
produce  800-1,000  goslings  per  year  (Col.  R.  Cons.  League,  1969).  This 
constitutes  about  l/7th  of  the  State's  total  goose  production  (USFWS, 
1969).  The  reach  is  extremely  important  to  wintering  waterfowl;  prior 
to  1970,  peak  populations  observed  v/ere  13,000  geese  and  300,000  ducks 
(USFWS,  1969).  Counts  more  recently  indicate  up  to  40,000  geese  and 
150,000  ducks  (Blomstrom  J  Oetrick,  1980).  Mallards  constitute  about 
90"-  of  the  ducks  using  the  area.  Other  water-^owl  species  corrimonly  seen 
include  greerwinged  teal,  pintail,  An-erican  ■.■/idgeon,  and  goldereye. 
Less  frequently  observed  are  buf'f'l t^head.  scaup,  gadwall,  canva.sback,  and 
merganser. 

The  islands  in  the  Hanford  Reach  a*"?  also  important  for  .leer  f-iwning. 
At  least  120  mule  cesr   inhabit  t!"e  "iparian  t)Ot:omlands  and  is'.an'ijs 
(Tabor  et  al,  1330)  and  pr;;duce  an  esti-.ated  -0-50  -awns  ar.m.-Jly  'JSDI. 


1979).  The  is  lands  offer  some  protection  from  predators,  especially 
coyotes. 

The  area  has  the  most  diverse  raptor  population  of  any  stretch  of  the 
Columbia.  Twenty-one  species  of  raptors  occur  in  the  area.  At  least 
ten  species  nest  along  the  Reach.  The  Hanford  segment  is  one  of  the 
major  .vintering  areas  of  the  threatened  bald  eagle  in  eastern  VJashington. 
The  endangered  peregrine  falcon  has  been  observed  in  the  area.  The 
golden  eagle,  ferruginous  hawk,  Swainson's  hawk,  burrowing  owl,  and  barn 
owl,  all  listed  in  Washington  State  as  "species  of  concern,"  occur  in 


A  variety  of  other  nongame  birds  occur  in  the  area:  long-billed  curlew, 
great  blue  heron,  white  pelican,  con'mon  loon,  cliff  swallow,  Forster's 
tern,  ringbilled  and  California  gulls.  A  complete  checklist  of  birds 
would  include  150-200  species. 

Coyotes  are  common  to  the  Hanford  '?.eacn   and  are  the  primary  predator.  A 
variety  of  other  terrestrial  and  aquaf'c  mammals  are  present  including 
bobcat,  rare,   raccoon,  beaver,  .-riuskrat,  mink,  and  several  species  of 
•"odent. 

(•)  Impacts 

"njrdat'i on  of  :'ne  -"anford   -:eacJ^   by  a   proposed 
Ben   -rin^lin   Za':>  .-/ould   injrcat?!   aop'-o j'^ia're ly   I'.oCj  acres  o*"  land, 
including  3.tC  acres   on   15   rive-"   islands    'L'S.-'.^iS.    1569).      It  vfOjlG  ciest'-oy 
toe   l-DSt    :"?/na-i1ng   ■f^rse   flowirg   .sf?':,"'^  0^  Col'J"':b'^3    ^-i  ,'ir   in   ~.'r,e    .'.S. 
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The  project  would  inundate  riverine  mule  deer  habitat  and  islands  valuable 
as  fawning  grounds.  The  combined  loss  of  food,  shelter,  and  fawning 
grounds  would  virtually  eliminate  the  deer.  Average  annual  loss  for  the 
project  life  would  be  about  1,275  participant-days  of  hunting  (USFWS, 
1969). 

Shrub  and  grass  habitat  on  shore  island  areas,  especially  important  for 
survival  of  California  quails,  ring-necked  pheasants,  and  chukars,  would 
be  inundated  by  the  reservoir.  Consequently,  a  reduction  in  upland  game 
bird  populations  would  result  in  an  average  loss  of  3,180  man-days  of 
hunting  for  the  project  life  (USFWS,  1969). 

Beavers  would  be  virtually  eliminated  with  the  project.  Other  fur 
animals  in  the  project  area  would  not  be  significantly  affected  (USFWS, 
1969). 

The  reservoir  would  completly  inundate  15  islands,  totalling  about  350 
acres,  which  contain  valuable  waterfowl  nesting  habitat.  Approximately 
30  percent  of  the  remaining  Columbia  River  island  goose  nesting  habitat 
within  the  United  States  would  be  destroyed  (USFWS.  1969).  A  number  of 
small  islands  and  a  sizeable  peninsula  con'plex  would  be  formed  by  flood- 
ing to  the  '^OO'  maxiiTium  storage  level.  T^is  complex,  howeve'",  would  have 
little  value  without  development.  Lack  of  suitable  vegetation  and 
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uncontrolled  depreciation  by  predatory  animals  would  minimize  goose  and 
duck  production.  Additional  shoreline  and  the  new  islands  created  with 
the  project  would  be  expected  to  offset  the  loss  of  without-the-project 
resting  areas  used  by  wintering  waterfowl  (USFWS,  1969).  Based  upon 
waterfowl  productivity  associated  with  the  reservoir  the  project  would 
result  in  an  average  annual  loss  of  2,100  goose-hunter-days  and  325 
duckhunter-days  (USFWS,  1969). 

Ben  franklin  Reservoir  would  inundate  important  habitat  for  a  variety  of 
nongame  wildlife  including  songbirds  and  gulls.  Gull  island  nesting 
sites  would  be  destroyed.  Bald  eagle  roost  sites  and  the  great  blue 
heron  rookery  would  likely  be  inundated. 

Existing  water  level  fluctuations  in  the  Hanford  Reach  have  a  negative 
impact  on  nesting  wildlife  in  particulate.  At  low  water  elevations,  land 
bridges  to  the  islands  are  created,  rr.aking  them  easily  accessible  to 
coyote  predation.  Coyotes  are  the  most  important  predator  of  goose 
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nests.   In  1966  on  Island  5,  coyotes  destroyed  24  of  30  goose  nests  and 
caused  five  to  desert  (Hanson  and  Eberhardt,  1971).  Land  bridges,  'which 
increase  the  likelihood  of  coyote  predation,  also  have  a  negative  i,r,pact 
on  deer  fawning.  Wave  action  associated  with  fluctuating  water  levels 
increases  erosion  of  nesting  islands  and  destroys  nesting  habitat  (Tabor 
et  al,  1980). 

Aquatic  furbearers,  such  as  beaver  and  muskrat,  are   impacted  by  fluctua- 
tions. Fluctuations  cause  flooding  and  exposure  of  dens  and  houses, 
which  increase  mortality. 

(2)  Protection  and  Mitigation  Measures 

•We  recommend  that  future  hydroelectric  development  be 
avoided  in  the  Hanford  Reach  in  order  to  protect  its  habitat  and  wildlife. 
This  is  of  the  highest  priority  in  the  State.  Other  sites  less  damaging 
to  wildlife  would  be  preferred  as  potential  dam  sites. 

Recommended  mitigation  and  enhancement  rreasures  to  protect  against 
impacts  of  water  fluctuation  include:   (1)  avoiding  or  minimizing  water 
fluctuaf'ons  during  important  wildlife  '^se  Periods,  and  (2)  creating 
subimpoundments  not  subject  to  f  1  uc:;uation. 

Important  use  periods  would  incljde: 

Canada  cocse  nesting:  late  Febrjarv  through  -id-.;'jns 
Duck  nesting:  'lid-'-'arch  through  mic-vune 


Colonial  bird  nesting:  early  March  through  August 
Beaver  and  rnuskrat  denning:  February-mid  September 

Recomnended  sites  for  creation  of  subimpoundments  include: 

Hanford  Reach  -  Wooded  Island  sloughs  (RM  343.5-350);  sloughs 
on  east  bank  (RM  351);  sloughs  on  Island  (RM  352);  Savage  Island 
slough  (RM  356.5-359.5);  west  bank  (RM  362.5);  sloughs  on  west  bank 
(RM  365-367);  slough  on  east  bank  (RM  367.5-368);  slough  on  east 
bank  (RM  370);  slough  on  west  bank  (RM  370).  Biological  desira- 
bility of  diking  these  sloughs  should  be  carefully  evaluated  because 
of  potential  anadromous  and  resident  fish  use. 

These  recomrr.endations  are  discussed  ;Ticre  fully  in  Section  3. 


(3)  Additional  Studies 

Baseline  studies  to  determine  wildlife  inpacts   from  any 
future   in'jndation  and  increased  fluctuations  need  to  be  perforrr-.ed. 
Pre-   and   post-dari  surveys   should  ':e  conducted  on  all   wildlife  spec'es 
likely  to  be  i:;:oacted  by  a  propcsad  dan.     A  program  to  mitigate  losses 
of  wiidli'f'p  and  naoitat  should  be   inves'icated  and  for-nulated.      Additional 
studies   ar?   f^rtner  described   in   Section   -t. 
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Grand  Coulee  Dam:  F.D.R.  Reservoir 


(1)  Impacts 


Franklin  D.  Roosevelt  (F.D.R.)  Reservoir  was 
created  in  1939  by  the  construction  of  Grand  Coulee  Dam,  the  largest 
hydroelectric  power  production  installation  in  the  Pacific  Northwest. 
Although  this  project  inundated  over  80,000  acres,  affecting  151  miles  of 
the  Columbia  River  and  1,140  miles  of  tributaries,  wildlife  impacts  have 
never  been  adequately  mitigated  or  compensated. 

In  its  natural  state,  the  Columbia  River  in  this  rsgion  was  bordered  by 
riparian  corridors  of  successional ly  developed  communities  with  excellent 
cover  and  high  food  value  to  wildlife.  This  edge  was  characterized  by 
inherent  fertility,  maturity,  and  volume.  The  shorelines  of  the  river 
were  quite  rocky,  and  scattered  ponderosa  pine,  cottonwood,  juniper, 
dogwood,  and  willow  dominated  the  overstory.  The  moderate  microclimate 
of  this  low  elevation  vegetative  corridor  offered  wildlife  protection 
during  periods  of  environmental  stress  (Oliver  and  Barnett,  1966).   In 
addition,  the  inundation  zone  contained  at  least  3,000  acres  of  cultivated 
land,  5,000  acres  of  lakes  and  .vetlands.  and  19,000  acres  of  sagebrush 
and  desert  haPitat.  Prior  to  ■'nunda~ion  the  area  supported  large  populations 
of  v/ildlife,  including  d^er .    pheasant,  biack  bear.  iTOurning  doves, 
several  species  of  grouse,  waterfowl,  and  nuT.erous  r^otcrs/nongane 
species,  .'jeer  .vere  highly  deoer.dent  ^jpon  low  elevation  sidenills. 
draws,  and  bottom  farmlands  for  winter  range  along  tne  Columbia  .^.iver 
since  ."icst  of  the  valuable  deer  .-jinter  range  in  norrheastem  Viashinct.^n 
exists  below  2,500  ""eet  elevafion. 
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Grand  Coulee  Dam  inundated  much  of  this  habitat,  causing  an  estimated 
loss  of  between  5,000  to  10,000  deer  in  the  area.  Over  50,000  mandays 
of  hunting  and  an  equal  arr^ount  of  appreciative  recreation  were  lost  due 
to  inundation  of  this  prime  winter  range. 

The  lowlands  along  the  Columbia  River  also  supported  other  wildlife 
populations  with  significant  recreation  potential.  Records  indicate 
some  6,684  black  bear  pelts  were  received  at  Fort  Col vi lie  over  a  30- 
year  period  from  1826  to  1856.  This  population  was  influenced  by  the 
Upper  Columbia  River  and  its  salmon  runs.   In  addition,  project  construc- 
tion probably  precluded  the  possibility  of  maintaining  remnant  populations 
of  grizzly  bear.  Pheasant  populations  v/ere  unimportant  in  the  Upper 
Columbia  River  gorge  when  the  project  was  completed,  but  their  importance 
would  have  increased  with  time.   Based  on  arable  acreage  and  average 
population  parameters  for  similar  areas,  production  of  5,000  pheasants 
was  negated  by  project  construction.  Similar  calculations  indicate  that 
more  than  100,000  mourning  doves  were  negated  by  inundation  impacts 
(Wendell  H.  Oliver,  WDG,  pers.  comm.).  Other  game  birds  also  flourished 
in  the  area  prior  to  inundation.  Sage  grouse  were  abundant  in  some 
areas  but  not  as  common  as  sharptailed  grouse,  according  to  '■ecords. 
Scaled  quail,  an  exotic  species,  was  oresent  in  various  locat^'ons. 
Records  show  that  a  wide  variety  of  waterfowl  and  sncreoirds  was  produced 
in  the  area.  "These  populations  have  declined  due  to  oroject-related 
impacts. 

Raptor. 'nongame  species  af'ectSj  by  projec:  de/elopment  "'ncl'^de  -.vnoopinq 
crane,  sandhill  cMne,  orair-'e  and  oereqrine  *alcon,  a;'d  kancarco  rzz, 
all  of  which  acpear  on  "ederal  and/or  State  endangers j,  threatened  .1  ists. 


In  addition  to  inundation  impacts,  additional  habitat  was  lost  during 
construction  of  the  dam,  roads,  borrow  arsas,  transmission  facilities, 
and  transmission  rights-of-way.  Construction  of  the  dam  resulted  in  the 
loss  of  over  1,500  acres  in  the  vicinity  of  the  dam  site.  Wildlife 
losses  attributed  to  these  activities  should  be  considered  along  with 
inundation  losses  as  specific  compensation  measures  are  formulated. 

Impacts  related  to  water  level  fluctuations  have  already  occurred  and 
will  continue  following  commencemnt  of  peaking  operations.  Grand  Coulee's 
third  powerhouse  is  expected  to  cause  daily  river  fluctuations  of  30 
feet  immediately  below  the  dam.  Historical  operating  extremes  in  F.D.R. 
Reservoir  have  ranged  from  1,211.6  feet  msl  to  1,290.0  feet  msl ,  a 
difference  of  78.4  feet.   Fluctuations  of  this  magnitude  reached  on  a 
shortterm  basis  create  a  hazardous  situation  for  recreationists  and  a 
deleterious  situation  for  fish  and  wildlife.  Riparian  and  wetland  areas 
have  established  slowly  since  project  completion  and  are  expected  to  be 
eliminated  as  a  result  of;   (1)  fluctuation-induced  erosion,  (2)  extended 
storage  of  maximum  forebay  water  water  volumes,  and  (3)  higher  outflow 
volumes.  Additional  impacts  due  to  water  level  fluctuation  are   listed 
in  Section  2  of  this  docunient. 

(2)  ?ro-ec:ion/Mi tiqat^'cr/.^nharceTient  Measures 

pi'Otection  and  nif'gaticn  n;ed?'..res  for  current 
and  anticipated  wilclife  vr.pacts  should  follow  recommended  techniques 
oresented  in  Section  3, 
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Compensation  lands  should  be  acquired  in  order  to  replace  wildlife  and 
habitat  lost  due  to  inundation  and  construction  activities.  An  initial 
survey  of  potential  big  game  and  upland  game  mitigation  lands  along 
F.D.R.  reservoir  was  made  by  Fielder  (1977).  Suitable  river  corridors 
below  3,000  feet  elevation  should  be  purchased  to  compensate  loss  of 
prime  winter  range  and  increase  wildlife  production.  Specific  drainages 
to  be  evaluated  include  reaches  of  the  Columbia,  Pend  Oreille,  Colville, 
Kettle,  Okanogan,  Sanpoil,  Curlew,  and  '"ethow  Rivers. 

Further  developm.ent  of  reservoir  shorelines  should  be  subject  to  zoning 
in  order  to  protect  valuable  wildlife  habitats.  Since  much  of  the  area 
surrounding  the  reservoir  remains  winter  range,  further  development 
should  be  discouraged. 

(3)  Additional  Studies 

Since  little  biological  work  has  been  done  in 
the  area,  intensive  studies  should  be  intiated  to  gather  baseline  data 
from  the  area  in  order  to  develop  management  alternatives.   In  particular, 
further  studies  to  inventory  existing  habitats,  current  resident  fisn 
populations,  and  wintering  deer  populations  .vil'  oe  invaljable  in  assessing 
compensaf'on  land  neecs  c.n6   aetirmining  relevant  mirigation/co;"ipen5a- 
tion  techniques,   -ddi t'^onal  •invenT,a''ie3  of  wate""":!'.'/!  ,  oheasant,  ?.r!C 
rap'o-*/  ncnga.Te  5::^ec''e.=  5''^oj"  1  a'i^.:  be  in"'ti5ted  zo   devise  mit"igat'':n/ 
cQ-rcensat ion  plans  'O'"  t^e^e  liroups.  Add'tional  studies  are  described 
"1  ;  e  C  t "!  0  n  -r . 


5.4.2    Idaho  Program 

The  primary  project  recommended  for  wildlife  mitigation 
in  Idaho  is  the  Hells  Canyon  complex,  consisting  of  Brownlee,  Oxbow,  and 
Hells  Canyon  dams.  Because  the  projects  affect  both  Idaho  and  Oregon 
wildlife,  they  have  been  included  in  the  priority  projects  of  the 
Interstate  Program.  Under  the  FERC  licensing  agreement,  impacts  to 
upland  bird  and  waterfowl  were  mitigated;  however,  losses  to  big  game 
and  terrestrial  manmal  habitats  was  not  included. 

In  addition  to  Hells  Canyon  there  are  other  hydroelectric  power  projects 
in  Idaho.  They  are  separated  into  different  categories:   (1)  irrigation 
storage  and  flood  control,  (2)  hydroelectric,  and  (3)  early  unmitigated 
projects, 

a.   Irrigation  storage  and  flood  control  projects 

This  group  of  projects  was  constructed  primarily 
for  irrigation  storage  and  flood  control.   Electric  power  generation 
units  were  included  with  the  project,  but  generation  is  dependent  upon 
discha^'gc-  flows  of  the  other  uses.   Inpacts  to  wildli'^e  from  these 
projects  can  be  attributed  to  irri.;;ation  -len;ands  and  flood  control 
and  not  necessarily  hydropcver  ■generation.   Examples  are: 


Primary  Wildlife         Impacced 
Proj  ect Affected by 

Palisades  Waterfowl,  big  game      Initial 

inundation, 
water  releases 

American  Falls      Waterfowl,  upland        Initial 

birds  inundation 

Minidoka  Waterfowl,  upland        Initial 

birds  inundation 

Anderson  Ranch      Big  game  Initial 

inundation 

Cascade  Waterfowl,  aquatic       Initial 

furbearers  inundation 

Black  Canyon        Waterfowl,  upland        Initial 

birds  inundation 
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b.  Hydroelectric  orojects 

This  group  of  projects  was  constructed  prinarily 
for  hydroelectric  power  with  storage  and  timed  water  releases  to  allow 
for  some  flood  control.  Wildlife  mitigation  was  provided  under  the 
Wildlife  Coordination  Act  and  FERC  licensing.  Examples  are: 

Primary  Wildlife        Impacted 
Project Affected b^^; 

Dworshak  Big  Game  Initial 

inundation 

C.  J.  Strike  Waterfowl,  upland       Initial 

inundation 

c.  Early  unmitigated  projects 

These  projects  are  some  of  the  earliest  hydro- 
electric projects  developed  in  Idaho.  The  absence  of  oreconstruction 
wildli'8  data  nakes  it  di^f  ■'cul  t.  to  verify  impacts  and  rake  mitigation 
recorrrendations .   It  is  evident  V'^b.z   initial  inunda'.ion  resjlted  in 
the  loss  of  wildlife  habitat,  rsoeciaily  in  the  >"ipa>'ian  zone;  nowever, 
where  pool  fluctuarions  have  been  mini^ial.  rT-Dc\rian   areas  oave,  ',1  some 
instances,  been  partially  '"'restaP  1  i  ^'led.   Exa'-ples  nra:      -snton,  Swan 
Falls,  31 'ss,  ^osr  ^.alls.  and  A'ren-  Falls. 
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Water  fluctuations  in  te  Post  Falls  project  affected  aquatic  furbearers 
and  waterfowl.  Nesting  waterfowl  in  the  Albeni  Falls  croject  were 
affected  by  flooding  in  pool  areas. 

Studies  of  these  projects  are  needed  to  determine  measures  and  sites 
for  protection,  mitigation,  and  enhancement  of  habitat  and  wildlife. 

5.4.3     Oregon  Program 

The  top  priority  projects  for  mitigation  of 
inundation  impacts  in  Oregon  are,  in  order  of  priority: 

(1)  Hills  Creek  Dam  -  Middle  Fork  Willamette  River 

(2)  Cougar  Dam  -  McKenzie  River 

(3)  Green  Peter/Foster  Dams  -  Santiam  River 

{^)     Lookout  Point  Dam  -  Middle  Fork  Willan-iette  River 
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The  above  projects  are  corr,bined  major  hydroelectric  and  flood-control  on 
the  Willamette  River  and  tributaries.  All  are  unmitigated  for  wildlife. 

Other  priority  projects  for  mitigation  of  inundation  and  fluctuation 
impacts,  and  protection  from  further  impacts: 

Bonneville  Dam 

The  Dalles  Dam 

John  Day  Dam 

McMa ry  Dam 

Hells  Canyon  Complex 

The  above  projects  are  on  the  mainstem  Columbia  and  Snake  Rivers. 

Bonneville  and  The  Dalles  have  not  been  mitigated.  Further  opportunities 

for  mitigation  exist  on  John  Day  and  McNary  projects.  Hells  Canyon 

Complex  has  not  been  mitigated  for  loss  of  big  game  winter  range.  These 

projects  have  already  been  discussed  in  detail  under  "Interstate  Programs." 


a.   Willamette  River  and  Tributaries  Projects 

(1)  Impacts 

The  majcr  impact  associated  with   the   four  Willamette 
River  and   tributar-'es   projects  was   inundaf'o.o  of  big  gare  winter,   spr^-ng, 
and    "all    ranges.      It   is   est^mared   thai:   -i-DO  elk  were   lost  as  a   '"esjlt  of 
habitat  losses   in  the  p-'cject  area. 
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(2)  Protection  and  Mitigation  Measures 

Suitable  land  for  mitigation  is  located  both  on-  and 
off-project,  for  the  four  areas.  All  of  the  reservoirs  are  adjacent  to 
public  lands  which  could  be  managed  for  wildlife.  Additional  public 
lands  suitable  for  mitigation  purposes  are  located  immediately  upstream 
from  the  reservoirs  and  are  presently  managed  on  a  "multiple  use"  basis. 
The  most  desirable  site  is  valuable  winter  range  above  Hills  Creek 
Reservoir.  This  land  currently  receives  heavy  use  by  elk.  Additional 
mitigation  could  be  accomplished  by  seeding  and  fertilizing  the  drawdov<n 
zone  of  the  reservoirs  to  provide  winter  forage  for  elk. 

(3)  Additional  Studies 

A  study  of  the  fo^jr  projects  is  needed  to  determine  the 
acreage  needed  to  accomplish  mitigation. 


i  njL 
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Appendix  I 

GOAL,  OBJECTIVES.  SU50BJECTIVES,  AMD  TASKS  FOR  "^EVELOPME'lT  OF 
THE  SECTIOil  A(H)  WILDLIFE  PROGRAM 
UMDER  THE 
PACIFIC  NORTHWEST  ELECTRIC  POWER  ^LAMNING  AND  COMSERVATIO'I  ACT  ^.L.  96-501 

GOAL         Develoo  and  sunnort  recormendatio'^s  to  the  ''•orthwest  ^ov/er 
"Tanning  Council  for  inoler^entation  of  a  oronran  to  orotect, 
nitinate,  and  enhance  habitat  and  vnldlife  where   affected  by 
electrical  power  develonnent  and  operation  o'*'  nov/er  genera- 
tion and  transnission  facilities  within  the  Colunbia  Piver 
system. 

OBJECTIVE  I    Assure  that  formal  wildlife  renresent?tion  in  all  matters  of 

DOwer  system  plajininvj,  management,  and  operation  i=^  accomol  ished. 

OBJECTIVE  II   Identify  and  orioritize  activities  of  electrical  oower  develop- 
ment and  oneration  that  imnact  habitat  and  wildlife. 

OB.IECTIVE  III  Recomir.end  (identify)  measures  and  locations  to  orotect, 
mitigate,  and  enhance  habitat  and  wildlife  impacted  by 
development  and  oneration  of  the  Col um.bia- River  Basin  power 
system. 

OBJECTIVE  IV   Recommend  additional  investiaations  needed  to  document  measures 
to  protect,  mitioate,  or  enhance  habitat  and  wildlife  impacted 
by  development  and  operation  of  the  Columbia  River  Basin  oovjer 
system. 


03JECTIVE  I:   HILDLIFE  REPRESEMiaTIOl 

SU80BJECTIVE  1.1:   ^rooose  and  sunport  an  organizational  str'.jcture 

to  represent  v/ildlife  interests  in  oov/er  natters, 


ASK  1.1.1:    Identify  aopropriata  Indian,  State,  and  Federal 
agency  and  other  v/ildlife  interests. 


TASK  1.1.2:    Describe  a  nutually  acceotable  structure  to 
provide  wildlife  representation. 

SUBOSJECTIVE  1.2:   Establish  a  process  that  incorporates  wildlife 

interest's  participation  and  reco-^niendation  on 
Dower  matters  that  affect  habitat  and  wildlife. 

TASK  1.2.1:    Develop  and  propose  nuidelines  for  nakinf]  decisions 
that  may  affect  habitat  and  wildlife  during  nreoara- 
tion  of  local  and  systemwide  operating  olans. 

TASK  1.2.2:    Develop  and  nropose  Guidelines  ^or  evaluating  the 

acquisition  of  new  power  sources  and  other  financial 
incentives  that  may  cause  individual  oroject  or  cumu- 
lative impacts  on  habitat  and  wildli"fe. 

TASK  1.2.3:    Assure  that  all  contractual  agreements  re'lect  obliga- 
tions to  protect,  mitigate,  and  enhance  habitat  and 
wi Idl ife. 

OSJECTIVE  II:  WILDLIFE  IMPACTS 

SUBOBJECTIVE  2.1:   A!iy.nda.l^iiil  '  elininates  existing  terrest.^ial 

habitat  and  wildlife  in  the  direct  inpact  area.  Also 
cuases  changes  in  water  ouality,  water  nuantit'/,  micro 
and  riacro  cli'^iate.  Additional  terrestrial  habitat  i"ay 
be  lost  front  associated  land  clearing  relocation  of 
structures  and  facilities,  rights-of-way,  borrc/,  and 
staging  a>"eas,  bank  erosion. 

TASK  1.1.1:    Big  gan^e  -  '[nundiitinn  viill  cause  loss  of  fawning 
and/ or  calvinc;  area?,  and  loss  of  vea''-rou,nd 
food  and  cover.   "•>.•;  reser'/cir  r-ay  uis-'jot, 
bisec:.  cr   e"i';i'Hto  ":gr-;ition  routes,  wi'itering  areas 
"!ay  be  des  tro;,  ed. 

TASK  2 .  ]  .  2  '.  '"land  ?'' :'  Z7.   -  U''  ^  j  n  d  !)  i  re  ?  will  t^e  i  :T'r'ac  ted  b  v  c  i  i'ecc 

''oss  of  :''ab"':^t.  Loss  of  fcoz  zr>'l   cove-"  ■■;il'!  affect 


np; 


llX5 


TASK  2.1.3:  Terrestria"!   ^Isinnials   -   Irrjndation  wm    cause  permanent 

loss  0"  habHat   ^or  terrestria:   Ranmals.      FoO''J  avail- 
ability wil'   be  reduced. 

TASK  2.1.4:         Waterfov/1/Shorebi rds  -   Inundation  affects  water-^owl/ 
shorebirds  narticularlv  durino  nestinn  anc?  brooding. 
Causes  direct  loss  of  nests  and  nestinn/brooding  areas. 
Winterinfi  waterfowl   rMy  be  impacted  if  winterinn  areas 
are  inundated  and  may  cause  alterations  of  food  sources 
and  availabil ity. 

TASK  2.1.5:         Aquatic  Mannals  __  Inundation  nay  cause  oermanent  loss 
of  denninn  areas  and  rer'ucod  availabil itv  of  food. 

TASK  2.1.6:         Raotors/Honnane  -   Inundation  can  cause  perpianent  loss 
of  nest  sites,  v/intering  areas,  and  perches;   reduced 
food  availability  may  also  result. 

SUBOBJECTIVE  2.2:       Water-level    fluctuation   -  causes   losses   of  terrestrial 

and  ao'.iatic  habitat  anH  wildlife,   reduces  or  chances 
shoreline  veaetation,  and  decreases  food  ^nd  covc^ 
for  wild! ife. 

TASK  2.?.1  Waterfov.'T/Shorebirds   -  .Pluct'ja'ions  win    cause  flood- 

ing of  ri'^sts  and  nesting  areas  and  '-/ill   cause  land 
bri^'ces  to  occur  increasing  notential    for  nredation. 
Increased  erosion  of  islands   caused  by  ^fluctuations 
will   destroy  nesti'in  'tabita^.     Brooding  areas  can  be 
flooded,     '-inrating  and  wintering  v/aterfowl   may  be   in- 
directly affected  by  cnanqes   in  food  availability. 

TASK  2.2,2:         Aouatic  Manini-^ls   -   Fluctuations  will   cause  both   flooding 
and  exposure  of  de'is  which  will    increase  ncrtality. 
Food  availability  v-m't;    likely  decrease. 

TASK  2,2.3:  Big  Game   -   Fawning  a-'eas  will    be   impacted  by   fluctua- 

tions.    Creasion  of  land  brid^ies  nay  lead  to  increased 
predation  of  fawns.      Rioarian  cover  will    be   lost. 

TA'iiK  2.?.-^:  Rantors/'^on^une   -   Fhjc^.iaf'.-s  will  cai.se  a    loss   of 

riparian   '^ab'ta'-,   ^.nd  -.vi '  1    resul:   in  dr-creas-i'd   raot-Drs 
and  nong.3-:e  ••ynd'ife  copulatir.ns.      Cover   s^.j   T'ood  will 
1  ikel  ■-'  decT'ease. 

T-SK  2,^.5;  Terrcst'-i^!    "^^r-Ki's   -   -1  jCtJ^t' :-'■?  wip    decrease 

S'!'' tabi '  i  tv  or   rioar"?.';   '"acota*".   =;nd  caj??  decrease 
in   threes"*":  a  I   ''■'.5"T.a '    '. o'':'j'' a'^i".is  . 


^  -1  ^ 


TASK  2.2.5:  Upland  Birds   -   Loss  of  riodirion   habitat  will    result 

in  a   reduction   in   upland  bird   populations.      Nesting- 
v/intering  birds  dependent  on  riparian  vegetation 
V'/ill   be  lost. 
/Strea;n 
SUBOSJECTIYE  2.3:         Land^Al teration   -   directly  and   indirectly  causes   loss 

of  habitat  and  wildlife.     Habitats   providing  cover  and 
food  for  wildlife  often  are  cleared  and  filled.     Water 
quality  and  quantity  and   toxic  waste  disposal    also 
alter  terrestrial    habitat  and  cause  loss  of  wildlife. 


TASK  2.3.1 


Upland  Birds   -   Loss  of  habitat  for  cover,   resting, 
nesting,   and  feeding  from  land  alterations  will    iiripad 
upland  birds. 


TASK  2.3.2:  Terrestrial    Mairiinals   -   Loss  of  riparian   cover  for   food, 

thernal    orotection,   hiding,   resting,   denning,   rearing 
results   fron  land  alterations. 

TASK  2.3.3:  Gig  Game  -  Land  clearing  or  filling  can   reduce 

habitat  for  food,   cover,   breeding,   and   rearing   for 
big  game.      Migrational    routes  Can   be  altered. 

TASK  2.3.4:  Waterfowl    -   Land  clearing  or  filling  can   impact 

waterfowl    nesting  and  wintering  areas.      Decreased 
water  quality  or  quantity  ir^ay  also  reduce  waterfowl 
populations.     Toxic  waste  disposal    can  cause  direct 
mortality  and  destroy  useful    habitats. 

TASK  2.3.5:  Aquatic  Maini-als   -   Can   be   impacted   -.'vi'ough  destr'.;ction 

of  habitat  for  cover,   food,   denning;   and  through 
potential    toxic  chenical    contanrination. 

TASK  2.3.5:  Noncame/Raptors   -   Loss   of  habitat    for  some   species 

results   f'-om  land  alterations. 

SUB03JECTIVE  2.4:         Right-o--way  Siting,     lesion      ar.4  '-'finacerent   -   elim- 
inates wiicilifo  nabitat  alonq  transriission   corridors, 
roads,  and  ether  special    use 


-J.  I    J  -s  j> 


;AS:'  2.4.1:     Big  Ga;:^e  -  Co^'r'dor;  t-irough  fa',vn^;-g  or   wintering 
areas  can  cause  i.-:pac:s. 

TAS-'  2.4.2:     Uoland  3^^-d3  -  Loss  of  habitat  v,i^'  occur  in  some 
locations. 

TASK  2.4.3:     Terrestrial  :"a:::-:als  -  Land  c'ear^-::  a::d  ^■anag£;-•£n: 


TAS.x  2. -.4:     Waterf'o.,!  -  C\e-':ea:  ::'a--sm-;  ss' :-  ■';^es  can  ca-;s9 

oracticas  can  dec:'e::se  water  c.:;:liv.  which  affec.s 
nsst"na   in   sc'e   loc{:tio"s. 


TASK  2.4.5:  Aquatic  mamnals  -  Land  clearing  and/or  increased  sedi- 
mentation from  ROVis  will  decrease  rioarian  habitat  and 
make  it  unsuitable  for  denning,  rearing,  etc. 

TASK  2.4.5:     Mongame/Raptors  -  Land  clearing  will  destroy  nesting 
and  wintering  habitat.  Overhead  transmission  lines 
cause  avian  mortality  (e.g.,  raptor  electrocution). 

OBJECTIVE  III:   PROTECTION.  MITIGATION,  AND  ENHANCEMENT 

SUBOBJECTIVE  3.1:    Existing  conditions  and  operational  changes  -  Propose 

measures  to  protect,  mitigate,  and  enhance  habitat  and 
wildlife  where  ii^pacted  from  existing  operations  or 
from  operational  changes  (2'  pool  raise  at  Wells,  etc.) 

TASK  3.1.1:     Identify  measures  and  locations  to  protect  habitat 
and  wildlife  from  impacts  resulting  from  inundation, 
fluctuation,  channelization,  land  alteration,  and  ROW 
management. 

3.1.1.1:  Avoid  flooding  of  important  islands,  shorelands,  and 
riparion  habitats  used  by  wildlife. 

3.1.1.2:  Avoid  short-term  fluctuations  at  islands,  shorelands, 

and  rioarian  habitats  used  by  wildlife  durinn  important 
or  critical  use  periods. 

3.1.1.3:  Establish  noneral  mininun  and  maximum  v/ater  levels 
during  key  use  oeriods  for  wildlife. 

TASK  3.1.2:    Identify  measures  and  locations  to  mitigate  imoacts  to 

habitat  and  wildlife  resulting  from  inundation,  fluctua- 
tion, chc.-nnel ization,  l^nd  alteration,  and  ROW  management. 

3.1.2.1:  Reolace  "^iparian  vegetittion  at  levels  above  maximuii 
pool  elevation,  f'ay  require  cultivation,  irrigation, 
and  fertilization;  devil op::^ent  oocortuni ties  exist 
on  r:o5t  imco'jnJr'^r ':s  in  the  Columbia  Basin. 

3.1.2.2   Create  s  .bi'"'^?i.;n:i-.e:':-.^  not  S'jb^ect  to  fluctuation 

to  nro/ide  nsw  hrood^-i'.j  and  rear-"nn  habitat,  secure 
■:'>s:'^   ?ite5  af^d  Trojwce  anuat'C  anj  shoreline  rioarian 
olant  "ood  .^.rd  covc:-\  '-'!ecor~.;:-~.d-3d  •'^cr  all  reaches 
0*  the  Co^-.-b!-  ''-vK'-.  ^^oss^cl^?  locations  w^uld  be 


;i 
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slcush?.  i  ^ew  ■;•'  the  ;re:i""ic  sites  &re   at  R'-i: 


Iwe,  :eK  15:.;,  1  ^:\  ?"^-Zw-   ^lO,  34'5-35\  537, 

c ,;  r>    -  • 


3.1.2.3: 


Zone  or  dedicate  raservoirs  or  reaches  with  high 
wildlife  potential  for  wildlife  nanager.ent  by  pool 
stabilization  and  intense  shoreland  rranagefr^ent  tor 
wildlife  in  suitable  sites.  Techniques  include  bank 
sculpturing,  reef  construction,  fencing,  etc.  Areas 
viith'high  potential  include  John  Day,  Mc^lary,  Hanfcrd 
Rpach  WpI'Is,  Grand  Cculee,  Lower  Granite,  Hells  Canyon, 


3.1.2.^:   Inorove  wildlife  carrying  capacity  of  undisturbed 

portions  of  impacted' sites  by  vecetaticn  nanacecent, 
reducing  disturbance,  suoolyinc?  food,  cover,  and 
water,  and  el  iriiinatinq  existing  land/water  rranagement 
conflicts. 

3.1.2.5:  Regulate  water  levels  during  critical  use  periods  ~ 
generally  late  February  to  mid-v]une  for  geese  and 
ducks i  April  to  June  fo>"  beaver.   Regulation  of 
water  level  elevation  during  nest  and/or  den  site 
selection  should  encourage  animals  to  nest  above 
maximum  water  elevation,  ■■'■ax  water  level  elevation 
must  be  reached  frequently  (at  least  once  every  3-5 
days)  during  daylight  hours.   Location  v/ould  be  all 
r,olurr;bia  River  reservoirs. 

3.1.2.5:  Create  and  manage  new  waterfowl  brooding  areas. 
Place  near  existing  and   new  nesting  islands. 
Fnsure  establishment  of  vegetation.  Some 
recon:nended  locations  are  at  RM:  ?.o'\  ,   252-254. 
253-258,  279,  355-366,  369-370,  557-553,  563, 
5R,  559L,  587. 5L. 

3.1.2.7:   (a)  Protect  islands  from  erosion  by  using 

riprap,  pilings,  log  rafts  5-10  pi  offshore  with 
openings  2-3  n  wide  at  20-30  rn  intervals.  Sorne 
islands  identified  as  needing  protection  are 
located  a  I  RM  113,  117,  115.' 12^'-,  125,  136, 
173,  197,  203,  274,  275,  317,  322,  535,  537.5. 


(b)  Build  new  islands  for  nesting,  fawning, 
denning.  Locations  should  be  at  sites  of  ^orr:.er 
islands,  orotected  fro-'n  waves,  or  near  e.xisting 


or  00 ten: 

locaziori; 
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others. 
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53.5,  531 
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{r)  Incr';asc  s'^ze  and  heic-h"  :-f  cxistina  is'ar'ds  - 
r"* .-'.''' t'jn  -^r-^as  ab*"/e  '"iix  '"I'^^h  or.jl  e^  e  i'r'.t*  on  C'^ea'^er. 
;^:;'e  r-ecc;"':e'"::5d  s^res  are  at  -:•:  -:0j,  ?.zz,    c71-?/j. 
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3.1.2.'!:      Manacje   '-'?'■'  corridors    to   nro'iiic9  rore  de<;irable 
vrndiife  habi+at.      Peco^frfrndotions   inclncie: 

(a)  elinnn':ite  b'*oa'1caso  herbicide  sprayinq 

(b)  establish  cov^'r   lanes   '''or  bio  qar:--  crossings 

(c)  establish  brush  ciles   for  wildlife 

(d)  modify   towei-s   or  poles    to  prevent   raptor 
electrocution 

(e)  leave  vegetation  screens  to  block  ROW's   from 
V  i  ew 

(f)  too  trees   instead  of  eliminating  them 

(g)  close  ROVJ's  access  roads;  avoid  continuous 
maintenance  roads   (use  dead  end  spur  roads) 

(h)     manaqe  for  uneven-aged  stand  of  vegetation 

alonn  corridors   to   reduce   1 ine-of-sight 

distances 
(i)     grov;  '.vildlife   food  croDS   under   transinission   lines 
(j)     use  tooographic  features  to  maximize  vegetation 

diversity   (leave  niature  trees  v;here  wires  are 

higher) 
(1)     Construct   perches   and   rocsts  on   to-.'ers   to  benefit 

some  soecies 

These   recoT.Tiendations   should  be   incorporated 
into  nanageinent  of  all   existing  power!  ines. 

3.1.2.9:      Provide  artificial   nest   structures  or  aen  sites 
sites  for  goose  and  beaver,   resoectively;   perches 
for  raotors;   roosts  and  shelters    for  uoland  birds. 

TASK  3.1.3:  Identify  cieas-.tres   and   locations   to  enhance  habitat 

and  wildlife  inioacted  by  inundation,    fluctuation, 
channelization,    land  alteration,   and  RO'.i  locations 
rnanageinenL 

3.1.3.1:     Acquire,   develoo,   and  .T-.anage  reolacer^ent  habitat 

O'I'f-site  fo>'  develon~ent  of  *'cod,   cover,   and  water 
needs  of  i^nnacted  scec'es. 

3.1.3.2:      Rer.o\'-2  conflicting   land, '■.-.■•-. ter  uses   bv  altering 

existing  njriiig^reri:  oi^^cticos    (Isnccv-ner   incertives) . 

3.1.3.3:      Pa^se  arj   r-;'-jas3   ";::':e    "a-T  re^.ra-t  wildlife   in 

suitao'e   -lajitat^   ^cci^r^:]  for  o:>bli;   use  ?ur'o??5. 

SUDOBJECTiVfl   3.2:        ".iture   Toj^di  ti'"::3   -   ^ro:?35e  r^easu'-es    to   "^rotect, 

r:;itir:2t5,   and  en'-jn:3   ■^abi::::   a^-!  ■.■;i:dli''i  w''e*"e 
imoacti   .vould   •'esj'Jt   -•;•:;  ",i:;,re   hydroelectric 
orojects   includ'-^^   'arrte  a^J  s^s'l   hydro  pr:,jsc:s. 

T.ASK  3.2.1:  Idh;nti"v  "■■&?.?urei    iS'l   ''oc:;t' ens   to   o-'2'scz   ".*bit2t 

and  v;iV:;;-e  ivoictr'!  by  i  ■"!;;''- ^t'^^n'fV^Tt'-.st  ion  . 
chan-iQl ':!^-i:n,  U--.:  al  tr'-y  f^O",  a'd  =:.:  ::,cs:in 
anv"*  .-'anage--:-::. 

l.?0 


3.2.1.1: 
3.2.1.2 

3.2.1.3: 
3.2.1.4: 


3.2.1.5: 
3.2.1.6: 
3.2.1.7: 
3.2.2: 


3.2.2.1  ; 
3.2.2.2: 

3.2.2.3: 

3.2.2.4: 

3.2.2.5: 


Locate  tenoorary  and  pernanent  reservoirs  away  fro- 
areas  used  by  biu  game  (e.n.,  Rattlesnake,  Sv/auk). 

Avoid  in^jndation  o*"  ''arnlands  and/or  botto.Til  onds 
used  by  uDland  birds  and  other  wildlife  (e.g.,  Ben 
Franklin  and  Asotin  Oa."?  sites). 

Retrofit  existinr;  sites  where  wildlife  habitats  have 
already  been  irnoacted  (e.g.,  irrigation  reservoirs). 

Avoid  critical  and  iriDortant  riparian  habitats  when 
clearing,  ripair-pinn,  dredging,  disoosinq  of  spoils 
and  wastes,  construction  diversions,  relocation 
structures  and  facilities.  This  should  be  done  for 
all  futu'-e  nrojects. 

Persuade  governnient  to  D'~ovide  :!onin;]  protection, 
tax  incentives,  etc.,  to  preserve  wildlife  habitat. 

Manage  critical  and  in:portant  wildlife  habitats 
in  row's  (avoid  clearing,  road  building,  etc.). 

Develop  habitat  plans  for  ROW's  and  cOiTmit 
ROW'S  to  wildlife  production. 

Identify  measures  and  locations  to  i^lltjgate 
impacts  to  habitat  and  wildlife  resulting  from 
inundation,  fluctuation,  channelization,  land 
alteration,  and  ROW  location  and  ;-;anage;n9nt. 

Replace  or  inprcve  rioarian  vegetation. 

Create  subirriooundfients  -  dike  backwater  slough 
areas. 

Improve  carrying  cioacity  of  undisturbed  portions 
of  impacted  areas. 

Regulate  water  lev-Is  dui^inc;  critical  use 
neriods  (see  3.1.2.5). 

'■'ake  chanrel  ol  te'^at  ior;5  d'jri--;g  least  critical 
oericds . 


^'..C. 

/' 

0 : 

•lanage   -.-..■;   cor'-:  :Jc:'S    tdt  wilc:;:re. 

2.9 , 

2 . 

7 ; 

Provide   2r":i"icial    nest  st;"uctu:"e5 . 

3.2. 

2. 

8: 

Construe:  V./.'i  du-^ing  ^u  :y-\Gve:'ber 
reduCr^   ;';-st   a-'':  wlrterirg   iir-acts. 

?   " 

-1 . 

Idenf:"y  :e:^5ures  ar;  ';co^;:ic■■!S  to  e 
habi-at  and  v,iid;i-e   i::.pacted  r>y   i'^7 

fluctuv 
and  =::W 
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3.2.3.1:  Acqiiire,  develop,  and  !ndnaqe  reolacerrent  habitat 
off-site  for  developrrpnt  of  food,  cover,  and 
water  needs  of  impacted  species. 

3.2.3.2;  Re;7;ove  conflicting  land/v/ater  uses  by  alterino 

existing  nanagenent  oractices  (landov/ner  incentives) 

3.2.3.3:  Raise  and  release  game  farm  reared  wildlife  in 

suitably  improved  replacement  habitats,  acquired 
for  public  use  purposes  as  substitute  for 
losses. 


C3JECTIVE  IV:   INVESTIGATIONS 

SUBGBJECTIVE  4.1:   Identify  additional  in-^ormation  needed  to 

protect,  mitigate,  or  enhance  habitat  or  wildlife 
impacted  by  inundation. 

TASK  4.1.1:    Develop  baseline  habitat  and  v/ildlife  inventories 
in  areas  likely  to  be  affected;  identify  and 
characterize  critical  and  important  habitats 
v/here  not  already  accomplished. 

TASK  4.1.2:    Examine,  develop,  and  test  olans  and  measures 
to  protect,  mitinate,  and  enhance  v/ildlife 
v/here  inundation  occurs. 

TASK  '.1.3:    Determine  micro  and  macro  climatic  channes  in 
project  areas  that  impact  habitat  and  wildlife, 

TASK  4.1.4:    Determine  individual  and  cumulative  impacts  of 
small  hydro  construction  and  operations. 

SL:B0WECTIVE  4.2:   Identify  additional  information  neede:i  to 

Drotect,  mitigate,  or  enhance  habitat  or  wildlife 
impacted  by  water  l_evel_  fluctuations. 

TASK  4.2.1:    Examine,  develoo,  ?.n(.\   test  plarss  and  "measures 
to  protect,  mitigate,  and  enhance  wildlife 
{pri;:!arily  en  Sr::.ke  and  Colu-;;bia  Rivers  v.here 
inventor-es  are  coi'X'le^e) . 

'-3K  '.2.2:    rievelcp  t^asv'ine  •■abitat  Ptnd   .•;ild^i"e  inventories 
in  areas  'ikely  to  be  affected;  identi'^y  an:! 
c ha r'?.c te ''i ze  c:"'tical  .^nd  imoortan*  ''-aDit^t 
w-iere  not  already  accorpl  isned. 

TASK  •■.2.3:    n^te^'^ne  inji7'':;jal  a^d  cj:";.;lstive  ifr?:cti  of 
smal;  h/d'-o  con:; t rue t ion  a^d  oC'eratiors. 

'"'"..•i  •"..?.-*:    [/e ~e '""■  i ■"'■'"•  T^''C''?  •'; '"■  d  mi",'*^'  '"  1 ''■'"'a''ic  "'"^^n"?^  '"'i 
oro'e^t  ^''^as  t''''.""t  :'~"0.^~'"  '•t"'""!'"  ^"'■i  .■/'■^dlif'^ 


IZ': 


SL.'B03JECTIVE  4.3:   Identify  additional  infornation  needed  to  protect, 

mitigate,  or  enhance  habit.-t  and  v/ildlife 
impacted  by  land  a1  teration,-Strean  alteration 

TASK  '5. 3.1:    Develop  baseline  habitat  and  wildlife  inventories 
in  areas   likely  to  be  affected,  identify  and 
characterize  critical  and  imoortant  habitats 
where  not  already  accomplished. 

TASK  4.3,2:    Examine,  develop,  and  test  plans  and  measures 

to  protect,  mitigate,  and  enhance  v/ildlife  v/here 
land  alteration  occurs. 

SUBCBJECTIVE  ^.5:        Identify  additional  information  needed  to  protect, 

nitiqate,  and  enhance  habitat  and  wildlife  impacted 
by  riohts-of-way  i0ca_t^i_qn  and  management. 

TASK  4.5.1:    Develon  baseline  habitat  and  wildlife  inventories  in 

areas  likely  to  be  affected;  identify  and  characterize 
critical  and  imoortant  habitats  v;here  not  already 
accompl isheri. 

TASK  4,5.2:    Examine,  develon,  and  test  olans  and  measures  to 
protect,  miticate,  and  enhance  wildlife  where  ROW 
location  and  manaoemient  occurs. 

TASK  4.5,3:    Evaluate  differential  wild^i^e  use  of  ROW'S  in 
various  life  zones  and  habitats. 

Measure  and  identify  electric  field  or  corona  impacts 
on  habitat  and  wildlife. 
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Ar)i;'-iridix  II 


C0LUM3IA  BASIfl  WILDLIFE  TECHNICAL  COMMirr[:E 


H_istor;'_:  The  Interagency  Coi~n1tt£?e  was  formed  in  197^  to  coordinate 
v/fld]ife  investigations  funded  under  ths  Corps  of  Enginasrs  CR?J  progranr. 
Investigations  consisted  of  inventories  of  Columbia,  Snat'.e,  and  Clearwater 
River  riparian  resources  and  peaking  effects  studies.  Under  endorseirsnt 
by  fish  and  wildlife  agency  directors,  in  1976,  the  CorrTnittee  sought  to 
analyze  broader  wildlife  issues  in  the  Casin.  This  led  to  a  March  1980 
request  by  Pacific  Morthv/est  River  Basins  Commission  for  a  report  on 
wildlife  issues  and  possible  solutions  for  use  in  their  Tradeoff  Analysis 
program. 

Cc:T?nittee  Goals:  To  identify'  comnx/n  northwest  wildlife  n-^anager.ent  and 
research  problonis,  needs  for  py^ohlem  solutions,  and  remedial  measures; 
to  provide  guidance  on  applied  management  and  research  studies;  to  analyze 
water  project-'./ildlife  relationships-,  and  to  seek  cooperation  and  coordi- 
nation ariong  concerned  entities. 


Membership: 

4 

Idaho  Fish  and  Game  Hepartment 

Washington  Department  of  Game 

Oregon  department  of  Fish  and  '.'ildlire 

U.S.  Fish  u  Wildlife  Service  (Chairmanship) 

U.S.  Army  Corps  of  Engineers 

U.S.  Hater  ?<  Power  Resources  Service 

Grant  County  Public  Utility  District 

Chelan  County  Public  Utility  District 

Douglas  County  Public  Utility  District 


Ralph  Pehrson 

Wendell  Oliver,  Jack  Ho'.vertor 

Dan  Carleson 

Richard  Giger,  Gob  Cleary 

Paul  Peloquin,  John  McKorn 

Bob  Adair 

Mike  Dell,  barrel   Pock 

Bemie  Lcman 

Kike  Erho,  Jim  McGee 


Proposed  Activi tv 


The 


'^    ;i  ^n-^  ^  ;*5 


inreract  with  other  intofestt;    in  a  ccor 


un;;er 
Ac  t . 


''"'  the 


'aci  fie  fiorthw: 


Elec 


:r'iC 


;< 

be 

V 

no 

s 

i      w 

\zr.   t 

0  str- 

M     1 

on 

r« 

f  wi 

Id 

'• 

,"  j: 

e  asr; 

eets 

PI 

■\  '-1  it  - 

r.q  a 

r,:\ 

■-.0 

•^serv 

ation 

■  ■;■  ■  J 


Appendix  III 

WILDLIrE  PROTECTION,  MITIGATION  AMD  E::FJ.NCF.MEMT  COSTS 

Costs  of  Existing  Mitigation  Facilities 

Grant  County  PUD,  builder  of  Wanapum  and  Priest  Rapids  Dans  on  the  Mid- 
Columbia  River  in  Washington,  was  required  to  mitigate  wildlife  by 
Federal  Power  Coraraission  licensing  stipulation.   In  1963,  an  agreement 
between  Grant  County  ?LT)  and  Washington  Department  of  Game  (WDG)  was 
reached  wherein  PUD  agreed  to  pay  WDG  a  total  of  $5  50,000  over  a  period 
of  23  years.   Acquisition  of  approximately  19,279  acres  of  wildlife 
habitat  has  been  accomplished  with  PUD  mitigation  funds  and  S172,000 
from  other  funds  (Jenkins,  1964). 

Lower  Snake  River  wildlife  loss  compensation  includes  acquisition  and 
development  of  non-project  land,  development  and  management  of  project 
lands  and  purchase  and  release  of  game  farm-reared  pheasants  to  reduce 
project-incurred  wildlife  losses.   Costs  of  these  measures  were  estimated 
at  36,245,880.   Annual  CSM  costs  were  estimated  at  $73,850  (USFWS, 
1972).   Accual  costs  were  much  higher. 

Rock  Reach  Dam  on  the  Mid-Columbia  River  impounded  important  big  i;ame, 
upland  game  and  mourning  dove  habitat.   Chelan  Councy  PUD  provided 
$330,000  for  purchase  of  big  game  winter  r;rnge  and  5100,000  for  dove  aiid 
upland  game  shooting  areas,  in  1960  dollars. 


Wells  ProjecC  wildlife  micication,  on  the  Mid-Columbia  River,  resulted 
in  approximately  6,360  acres  of  land  acquired  at  a  cost  of  about  $1.25 
niillion  to  Douglas  County  PUD  (McGee,  1931).   The  agreement  also  provides 
about  $1.25  million  to  WDG  for  initial  development  and  annual  O&M  of 
these  lands.   Capitalization  of  this  sum  provides  about  $73,000  annually 
for  operations  over  the  remaining  39  years  of  project  life  (Oliver, 
1974). 

In  addition  to  land  acquisition  and  O&M  costs,  Wells  Wildlife  Mitigation 
Agreement  assigned  key  portions  of  Wells  reservoir  shorelands  to  exclusive 
wildlife  management.   The  agreement  also  gave  WDG  the  right  to  object  or 
make  recor.uaendatioas  to  other  easement  requests  for  us2  of  Wells  Project 
lands  (Anonymous,  19  74). 

The  Wells  Project  Wildlife  Mitigation  Agreement  represents  the  most 
complete,  and  successful,  replacement  of  wildlife  accomplished  to  date 
in  the  ^^'orthwest. 

In  Oregon,  Applegate  Dam  (C0£)  Project  mitigated  deer  winter  range  on 
USFS  property.   Evaluation  is  under^-ay  and  appears  highly  successful 
(Dan  Carleson,  700?!^,  pers  comm.). 

Cost  Estimates  for  Spec i.J Lc   Measures 

Costs  of  specific  -.viidlife  miti^^ation  t-^^hniques  ^ind  measures  vary  by 
location,  intensity,  ar.d  time.   Represent'.-.ti'.'e  :osts  are  available  from 
several  sources.   Habitat  imp.-ovi::-.ent  -.leeis  md  ::03t3  vere  identified  by 
the  Columbia  Nor:;--?^.-.!: i;  (C;:?)  Sfudy,  Vj^lume  XV:,  (VXX3C,  197:^ 


..'.^  •:> 


Estimates  of  specific  needs  and  costs  in  CNP  subregions,  provided  by 
wildlife  agencies,  are  included  in  this  Appendix, 

Specific  estimates  were  also  compiled  by  Wirth  Assoc.  (U. S . A. C. E. ,  1975) 
who  developed  information  for  Lower  Snake  River  V.'ildlife  Mitigation 
proposals.  These  estimates,  reflecting  September,  1974  price  levels,  are 
also  shown. 

The  '.valla  Walla  District,  Corps  of  Engineers,  updated  plans  and  costs  of 
Snake  River  Wildlife  Mitigation  (U.S.A.C.E.,  1978),  but  withheld  specific 
costs  of  plans  and  measures,  (Section  5)  from  report  drafts  to  agencies. 
This  information  should  be  available  from  the  V.'alla  Walla  District. 
Land  values  in  this  region  vary  from  $350  to  $7,000  per  acre. 

Wildlife  Economic  Values 

Wildlife  managers  have  been  generally  reluctant  to  express  wildlife 
values  in  economic  terms.   They  have  contended  that  wildlife's  value  is 
immeasurable  or  intangible,  having  combination  values  for  aesthetics, 
quality  of  life,  maintaining  ecological  balance  and  providing  hunting 
and  fishing  satisfaction.  But,  faced  with  ever  mounting  losses  of  habitat 
as  tradeoffs  for  higher  "valued"  uses,  managers  now  are  looking  to 
monetary  evaluations  of  wildlife  as  a  means  of  reducing  the  "edge"  other 
industry  has  when  competing  for  land  and  wacer. 

'•-.'ithouc  quescion,  the  annual  racveacion  business  produced  by    the  presence 
of  wildlife  represents  a  major  but  jf:en  unacknowledged  industry.   The 
wilclice  indus'jry  is  a  public  industry,  provicln;;  values  to  people  of  a 
state  regardless  of  who  owns  che  land  or  wacer. 


The  establishment  of  wildlife  values  by  resource  economists  has  been 
challenging;  their  approaches  vary.   Values  placed  on  wildlife  range 
from  replacement  cost  for  wildlife  losses  to  public  investment  in  wildlife 
recreation.   In  1977,  Washington  Department  of  Game  contacted  four 
prominent  economists  at  state  universities  to  determine  if  use  of  economic 
data  based  on  recreation  expenditures  was  appropriate  for  expressing 
wildlife's  value  to  residents  of  the  State  (Oliver  et  al,  1975).   Their 
opinion  was  affirmative,  that  gross  fish  and  wildlife  values  totalled 
$1  ,146  billion  in  Washington  in  1979,  that  wildlife-related  industry 
supported  about  44,000  jobs,  and  that  wildlife  spending  generated  over 
$134  million  dollars  in  State  and  local  taxes  (Anonymous,  1977). 

A  number  of  economic  studies  designed  to  value  fish,  wildlife  and  habitat 
are  abstracted  in  this  section. 


Literature  on  Mitigation  Costs 

USRi/S.   1972.   A  special  report  on  the  Lower  Snake  River  Dams;  Ice  Harbor,  Lower 

Monumental,  Little  Goose,  Lower  Granite;  -  Washington  and  Idaho,  Portland, 
OR,  pp  36. 

Jenkins,  Herb.   1964.   Grant  County  PUD  News  Release,  3  pp. 

Oliver,  W.H.   1974.   Wildlife  problems  associated  with  reservoirs  used  for 

electrical  power  generation  (with  special  emphasis  on  Wells  hydroelectric 
project  study).   Applied  Research  Bulletin  No.  3.   Washington  Department 
of  Game,  Olympia. 

McGee,  Jim.   1981.   Content  of  letter  to  Ms.  Gretchen  Van  Lorn,  Washington  Department 
of  Game,  dated  Nov.  2,  1981,  PUD  No.  1  of  Douglas  County,  WA,  2  pp. 

U.S.A.C.E.   1975.   Design  Memorandum  for  Wildlife  Habitat  Development  on  Project 

Lands  -  Lower  Snake  River  Project.   Compiled  by  Wirth  Assoc,  for  U.S.  Army 
Eng.  Dist.,  Walla  Walla,  WA. 

PNRBC.   1972.   Comprehensive  Framework  Plans  -  Appendix  XVI,  Columbia- North  Pacific 
Region  -  CNP  technical  staff  -  Pacific  N\i/  River  Basins  Commission, 
Vancouver,  WA   59300. 

U.S.A.C.E.   1978.   Design  Memorandum  for  Wildlife  Habitat  Development.   Supplement 
No.  1,  Lower  Snake  River,  U.S  Army  Corps  of  Engineers,  Walla  Walla  Dist. 

.Anonymous.   1974.   A  Resolution  Authorizing  the  Execution  of  an  Agreement  between 
the  District  and  the  State  of  Washington  Department  of  Game  for  Wildlife 
Mitigation.   Douglas  Co.  PUD  No.  1,  East  Wenatchee,  WA,   9 

pp. 
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Development  Cost  -  Estimate  by  Project 


Ice  Harbor 

Habitat  Areas  $307,390 

Windmill  4,000 

Corridor  Fences  18,000 

Fences  Outside  Habitats  27,500 

Goose  Nest  Structures  22,500 

Farm  Machinery  20,000 

subtotal  $399,390 

15%  contingency  59  ,908 


Oner  Monumental 

Habitat  Areas  $495,490 

Corridor  Fences  22,000 

Fences  Outside  Habitats  114,000 


(including  Palouse  Canyon) 
Goose  Nest  Structures 
Farm  Machinery 


Riparia  Lands 

15^ 


subtotal 

subtotal 
contingency 


Little  Goose 

Habitat  Areas 

Corridor  Fences 

Fences  Outside  Habitats 

Log  Boom 

Goose  Nest  Str'jctures 

Farm  Machinery 

subtotal 
15%  contingency 


Lower  Granite 

Habitat  Area 
Fences  Outside  Habitat 
Vegetation  Nursery 
Farm  Machinery 

subtotal 
15'o  contingency 


10,000 
15,000 

$656,490 
70,000 

$726,490 
108.974 


$402,420 
22,500 
160,000 
13,500 
10,000 
20,000 

$628,420 
94.263 


$120,000 
27,500 
23,150 
20.000 

$190,650 
28.597 


$459,298 


$835,464 


$722,683 


5219,247 


GRAND  TOTAL 


$2  ,236  ,692 


.as 
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Lower  Snake  River  Projects 

Wildlife  Mitigation  Costs 

Estimates 
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TABLE    _l-V/_    PROPOSE)  ITON-FEaJER/VL  PROJECTS  A!©  PECGRAIIS  REQUIRED  TO  FJLrTLL 
FUTURE  inSEDS  OF  (JaSS)   (VmJDLIFE),  SUBREtSION         1 


GATEOORY 

By  195c  i/ 

?^'OJ"CTED 

SXPoIDI'.irn^..5 

^2/ 

(JlCOOts)  70  YEA 

Iteris 

"TMO"' 

5>GuO ' 

■"  2020 

He,bit-at  ?nd  Access  Inp, 

3/ 

Big  Qane  Habitat: 
Purchase  (Fee) 
Easement  Rights 

5,UU0  acres 

$    979,0 

$i,aii5.o 

$2,153.0 

V/aterfowl  Habitat: 
Purchase  (Fee) 
Easement  Rights 

l,Ui0  acres 

778.0 

l,lli8.0 

1,711.0 

Small  Game  Habitat: 
Purchase   (Fee) 
Easement  Rights 

1,200  acres 
7,300  acres 

216.0 
326.0 

319.0 
U81.0 

U75.0 
717.0 

Rego<9.rch  gnrl  '-tam^crient  b/ 


Survey  &  Analysis (ongoing)  2,232,800  acres 
Specific  Research  Unknown 

Kabitat/Access  i-lgmt.  15,380  acres 

Facility  Management  U,h79  birds 


23.1 

32.5 

U8.6 

Ul.7 

61.5 

91.7 

6.0 

8.8 

13.1 

8.1 

11.9 

18.7 

Artificial  A i;.g7ien ta t ion  z' 

Bird  Farms 
Supplemental  feeding 


U,U79  birds  59.2 

155.I4  tons  ll.U 


87.3 
21.9 


130.2 
32,6 


jnt  r •-;:;. c-;;!  DovicoR  2/ 


■..at-er  Developments 
'.-.■ildlife  fencing 


53  sites 
2,2  miles 


2.7 
3.3 


U.O 
U.6 


$.9 
7.2 


:-?.^;d  total 


$2,l-5Ji.5         $3,625.7 


$5,i4ca.c 


1^2 


TAHLS     2-W       PR0F0S3D  ilON-iJ^EH^L  PROJECTS  A'E  PROGP.'lIlfi  RSQUISSD  TO  fULI-lUi 
FUTURE  ISSDS  OF  (XJCXX)   (l/ILDLIFS) ,  vSUBRSGIOH         2 


'obi tat  and  Access  Inp.  2 ' 


Big  Game  Habitat: 
Purchase  (Fee) 
Easement  Rights 


By  19G0  i'  rs'oO  ~^"(50'0'  ^2i'':q 


28U,972  acres      $l,Ii01.0  $2,C68.0 


$3,081.0 


Waterfowl  Habitat: 
Purchase  (Fee) 
Easement  Rights 

Small  Game  Habitat: 
Purchase  (Fee) 
Easement  Rights 


178,5ii6  acres 
106,78ii  acres 


19,999  acres 
6O,0li2  acres 


1,983.0 
l,ai42.0 


U,585.0 
6,OCU.O 


2,297.0 
2,128.0 


6,767.0 
8,862.0 


U, 362.0 
3,172.0 


7,682.0 
13,207.0 


I.  / 

!^sss.xrch  ar.d  Managcnc-nt  i>/ 

Survey  &  Analysis  (ongoing)lii, 060,000  acres 
Specific  Research  Unknown 

Habitat/Access  ilgmt.  650,3l43  acres 

Facility  Management  62,208  birds 


195.5 

288.7 

h30.2 

259.9 

383.6 

571.7 

313.6 

Ii62.9 

689.8 

116.  U 

171.8 

256.0 

...    ...   .t/ 


Bird  Farms 
Supplemental  feeding 


62,208  birds     827.1     1,220.8 
li5l.7  tons      33.1       63. Ii 


1,819.3 
9U.6 


'.later  developments 
V/ildlife  fencing 


360  sites 
3h$  miles 


22. U 
118.9 


33.1 
175.5 


li9.3 
261.5 


nPANB  TOTAL 


$17,301.9        $2a, 921.8 


$35,676.1; 


.^3 


TABIJ;     3-V/      PR0F03I2)  MCII-FEDli;R.\L  FFiOJECl'3  A!©  PRCGRPJIS  REQUir-CEil  TO  raL7Iu[. 
riTTURE  ISliuiS  OF  (sat)    (IJILDLIFE),  3UB?t3C-I0II       3 


'._i,r; 

.:.\?i-^^ORY 

"■uUMrTr'y]?/ 

^JlOCO'n)   70  riL^ 

Ir.ei.:s 

lyco 

'  2oCo 

2020 

''■?bitet  and  Access  Inp. 

3/ 

Big  Game  Habitat: 

Purchase  (Fee) 
Easement  Rights 

320,205  acres 

$2,500,0 

$3,715.0 

$5,U99.0 

Waterfowl  Habitat* 

Purchase  (?ee) 
Easement  Rights 

8,9U9  acres 
2,600  acres 

3,917.0 
520.0 

5,826.0 
768.0 

8,682.0 
l,liili.C 

Small  Game  Habitat: 

Purchase  (Fee) 
Easement  Rights 

6ll  acres 
1,500  acres 

120.0 
1,875.0 

177.0 
2,767.0 

261i.O 
U,12U.O 

^vSJis.or.-jh  and  "sr>a<^G!nenl-  i'/ 


Survey  &  Analysis (ongoing)  3,85l,UOO  acres 
Specific  Research  Unknown 

Habitat/Access  I-lgnt.        333,865  acres 
Facility  Management         66,033  birds 


96.3 

lli2.2 

211.9 

70.9 

10U.6 

155.9 

352.2 

520.0 

775.0 

123.6 

182  .a 

271.9 

■ificir.l  Aarjinontr.tion 


Biixi  Farms 
Supplemental  feeding 


5/ 


66,033  birds  878.6  1,296.8 

2011i,5  tons  m7.6  282,9 


1,932.6 
U21.6 


Sfihr.^lcjl  T-.v/ic^s  2/ 


'.Vater  Developments 
V.lldlife  fencing 


100  sites 
35.U  miles 


6.8 
12,1 


10.0 
17.9 


15.0 
26.6 


QFAIB  TOTAL 


$10,650.1       $15,509.8  $23,523.5 


lAl 


TABLE     6-W       ??.0F03?tD  KCN-I^^ISIZPAI.  PROJiiCTS  AIIO  PROaRAJlS  RliXilJiriED  TO  FUl,m 
'"  FUTJlli-   IHiEDS  CF  (yxsjc)   (IflLOLIFS),   3UBR3GI0N         6 


'"•/  ■:.9C0  ±/ 

?"?:j;;cis? 

0/ 

r-of-Tis 

VjC'J 

m^o 

2020 

liabitat  and  Access  Tnp. 

3/ 

Big  Gane  Habitat: 
Purchase  (fee) 
Sasenent  rights 

6li,733  acres 
800  acres 

$    67U.0 
36.0 

$     99U.0 
53.0 

$l,Li82,0 
79.0 

V/aterfowl  Habitat: 
Purchase  (fee) 
Easement  rights 

10,900  acres 
U6,8UO  acres 

2,725.0 
1,171.0 

a, 022.0 
1,728.0 

5,99ii.O 
2,575.0 

Small  Game  Habitat: 
Purchase  (fee) 
Easement  rights 

2,321  acres 
5,808  acres 

592.0 
581.0 

873.0 
858.0 

1,292.0 
1,276.0 

iir-s^srch  pnd  ITanagtr.ont  h/ 


Survey  S:  Analysis (ongoing)  3,508,700  acres 

Specific  Research  Unknown 

Habitat/Access  Mgmt.  131, U02  acres 

Facility  Management  29,  962  birds 


63.8 

9S.S 

lli2.2 

6U.6 

95.3 

lli2,l 

72.0 

106.3 

158.5 

56.1 

82.8 

123.1* 

Ar1iificla3.  Aapjrientr.ui.on  ^' 


</ 


Bird  Farms 
Supplemental  feeding 


29,962  birds  398.7 

37. li  tons  2.8 


568.  b 
5.1i 


877.0 
8.0 


■'0:^;?;-jC--J.  jQW.oc^r.  :2 


■y 


V.'ater  Developments 
V/ildlife  fencing 


92  sit^s 
19.1  miles 


5'9 

6,6 


8.7 
9.7 


13.0 
lii.5 


GRAlffi  TOTAL 


$6,kh9.$  $9,520.1 


$114,176.7 


1^5 


T.\3LE     7-W       PH0K03:'D  ;K;:I-7T;iVJiIi:..I.  P'lOJrJCTS  A:^  ??.&0M.'I.'5  HSr.biriiD  TO  FiJLl-lI 
FUTUIlIi:  I-lSI^o  OF  (X3ttX)    (UILDLIFS),  SUBItlGIOII         7 


.T;:ijRjf 


■•■-•■■     ■  ■'•■'   ■•{■  /■"■ 


3/ 


'■.a'ci*--it  snd  Access  ir.p.  ii 

I       -  -      II      I  -         1  HI  IJ     J-»|—      ■■■!»-     ■— .■Wia.A 


Big  Gar«  Habitat; 
Purchase  (fee) 
Easement  rights 

Waterfowl  Habitat: 
Purchase  (fee) 
Easement  rights 

Small  Game  Habitat: 
Purchase  (fee) 
Easement  rights 


2,169  acres 


'\  I 


\        l«  .  .     /  .'-       »  -Vv- 


■iSJoU 


——,i['/T^--t  •——-—-  •—•'—•—,<> 7^-, ,  " 


110,823  acres   $1,795.0    $2,619.0 
20,000  acres       90.0       133.0 


$3,9U8.0 
198.0 


8,780  acres    (Present  total  -  no  new  purchase  anticip 
11,000  acres      11,0       16.0         2U.0 


716.0 


1,057.0 


1,575.0 


■^ai 


'Ch  ^v^ci 


Survey  &  Analysis  (ongoing)  3,li55,600  acres 

Specific  Research  Unlcnovm 

Habitat/Access  Mgnt.  132,500  acres 

Facility  Management  21,659  birds 


30.6 

U5.0 

67.1 

63.8 

9U.2 

iao.3 

U3.9 

212.3 

316.5 

liO.5 

59.6 

89.1 

X' i  ^:..(V:  :\1.  .raf;ncnT-rtj.(.n  .d 


Bird  Farms 
Supplemental  feeding 


21,659  birds      288.0 
69.1  tons        3.9 


U25.0 


633.5 

lii.3 


.fr'OiXPJC'l-'.    LciViCO."    X; 


'.-.''ater  Developments 
V/ildlife  Fencing 


88  sites 
53.6  miles 


15.9 


8.0 
23.5 


11.9 
23.6 


GRi\;.D  TOTAL 


$3,20U.C  $li,732.U 


$7,0U6.3 


i^G 


-At: J?-      8-W      ^1.0?0S:7)  MOH-rii^Dffiiir.  PrlOJiiCTS  AMO  PROGIVilS  RiiAOUIrJiD  TO  iJC/lU^ 

~  pjTURE  i-'sr.s  OF  (saaa)  (ltldlife)  ,  subregioii 8_ 


ice:  IS 


'nbitcit  c.r\d  Access  Ivro.  i' 


3/ 


Big  Game  Habitat: 
Purchase  (fee) 
Easement  rights 

V.'aterfowl  Habitat: 
Purchase  (fee) 
Pasement  rights 

Small  Game  Habitat; 
Purchase  (fee) 
Easement  rights 


1,120  acres 
600  acres 

$  UU8.0 
60.0 

$  661.0 
88.0 

$  985.0 
130.0 

17,699  acres 
2,000  acres 

8,771.0 
270.0 

12,9U6.0 
399.0 

19,29U.O 

59U.O 

2,5lU  acres 
6,000  acres 

995.0 
600.0 

1,U69.0 
886.0 

2,188.0 
1,320.0 

r.gsegrch  sgd  "'amtrginorrb  iL' 

Survey  &.  Analysis  (ongoing) 
Specific  Research 
Habitat/Access  Mgmt. 
Facility  /!anagement 


3,030,000  acres 
Unknown 
29,933  acres 
12,U53  birds 


b7.8 

1.9 
23. U 


70.5 

82.5 

2.8 

3U.5 


105.1 

118.9 

3.2 

51. U 


Ar  ::ixlcxaJ.A^nonj^rt?^n  ^ 

Bird  Farms 
:^)Upplenental  feeding 


12,U53  birds  I66.O 

69.1  tons  5.0 


2U5.0 
9.6 


365.1 
IU.3 


:'rihanic"l  Dsvicos  ^ 


■■/atar  Develop-'.ents 
'./ildlife  fencing 


None 
32.2  miles 


11.1 


I6.h 


2U.U 


CTA^   TOTAL 


$ll,U55.l   $16,511.3 


$25,193.3 


^■ 


VTjTJIiE  :,zr2jS  C?  (Soobl)   (UTL^LIFS),  rjUD.IECIOH       10  North 


;.. 'i  ■. 


^;v'  1980  A' 


■;■  y  ' ' 


IWO 2"CiJ'J ^ 


3/ 


Big  Gar.e  Habitat: 
Purchase  (fee) 
Sasement  rights 

Waterfowl  Habitat: 
Purchase   (fee) 
Easeraent  rights 

Snail  aane  Habitat: 
Purchase   (fee) 
Easenent  ii.ghts 


3,282  acres 

928.0 

$1,370.0 

$2,om.6 

.7,079  acres 
2U0  acres 

8,110.0 
32.0 

11,970.0 
U7.0 

17,8U0.0 
70.0 

1,950  acres 
7,360  acres 

829.0 
736.0 

l,22U.O 
1,086.0 

l,82U.O 
1,619.0 

iienc.-v.'ch  and  :T3nafTGtnent  li/ 


Survey  h  Analysis  (ongoing)  li,069,700  acres 
Specific  Research  Unknown 

Habitat/Access  Mgrat.  29,911  acres 

Facility  Mgrat,  19,ii02  birds 


57.8 

85.3 

127.1 

7li.3 

no.  la 

i6a.5 

3.6 

5.U 

8,0 

36.3 

53.U 

79.8 

j.r  .:■. A :"«::.;... 


Bird  7arm3 
Supplenental  feeding 


19,U02  birds      158. U 
37. U  tons        2.8 


233.3 
5.U 


3li8.!i 
8.0 


-  ',-.■  ;;n  -\\ 


Water  developments 
Viildlife  fencing 


None 
39.5  miles 


13.6 


20.1 


J9.9 


a?u\ND  TCT,\L 


510,982.3        S16,210,8  $2h,159.7 


1-^9 


TAiiLE  11-W      PROivoI^S  KOU-FIiUZRaL  PROJaCv^S  Aia  ?RO:JItj\IIS  RS^UIRIJO  TO  i-jLVjj..: 
"'  Tu"iV?J:  .TIjTJS  of  (jaoii)   (IjILDLIFE)  ,  SUBPJiGION       11    __ 


ji^Ti-TiT::  :?}^C!It-m;d     ?:^oj;xtid  Ei^?]^]^Tr::jii/  (oioco^o)  to  riL^ 


.■^'^     I. 


i'Gbitr-.t  and  Access  Inx},  i.' 


3/ 


X-?oO 


2020 


Big  jame  Habitat: 
Purchase  (fee) 
Easement  rights 

'./aterfowl  Habitat: 
Purchase   (fee) 
Easerient  rights 

Small  Game  Habitat: 
Purchase  (fee) 
Easement  rights 


5,000  acres 
15,000  acres 

$    200.0 

1,500.0 

$    295.0 

2,2lU.O 

h2,690  acres 
li;,ll5  acres 

111,  960.0 
1,900.0 

22,080.0 
2,80U.O 

3,9U2  acres 
U,760  acres 

1,213.0 
U76.0 

1,790.0 
703.0 

$  UliO.O 
3,300.0 


32,907.0 
U,179.0 


2,668.0 
1,009.0 


'ijise-'ir  * h  .£^^.,'^?2^^n?^:  — 


Survey  S/.   Analysis  (ongoing)  8,Uh6, 600  acres 
Specific  Research  Unknoi^ 

Habitat/Access  Mgmt,        85,507  acres 
Facility  Mgmt.  61,376  birds 


lii7.9 

218.3 

325.3 

136.0 

230.2 

3U3.1 

21.9 

32.U 

U8.3 

llh.9 

169.6 

252.7 

■-.Cici/'^l  Ait?-;norit."txon  £' 


3ird  Farms 
Suppleinental  feeding 


61,376  birds  816.0  1,20U.U 

U3.1  tons  3.2  6.1 


1,79U.9 

9.1 


:1  ijevi-cci;  .i' 


W'ate?  Developments 
."''ildlife  fencing 


.'lone 
89.1  miles 


30.6 


U5.2 


67.3 


gp„j.:d  total 


$21,539.5        $31,792,2 


■$ia7,3U3.7 


1^ 


1/   Accamu?.at.ive  anount  renuirod  hy  190O  including  past.,  ongoing,  and 
""   anfcicipavcd  prograins, 

2/*   'ixi^endibui'ss  IndicatG  capitol  cost  es<:-'.riates  from  present  to  target 
*"   yG^JTc  Research  and  T.anaffo"ar.t  exioenditures  rspresen*  anticipated 
annual  costs  at  tr,r2et  ybar  only.  All  figures  are  based  on  pressnt 
(Eliar  values  nxpajided  by  prsc'.ictod  population  growth  rates. 

3/   naV;itat  snd  access  inipjcvenent  is  represented  pri.Tiapi^y  by  lands 
""   acquired  ard  developed.  Two  methods  of  acquisition  are  anticipated 
-  outright  purchase,  and  by  easoment.  ?  he  latter  is  intended  to 
assure  perpetual  access  and  lirited  rx!.nage«ent  rights  on  private 
land,  Fi.g'iro3  are  based  on  aub;.'3g:«.cnal  inventoiy  of  pi*ojsctGd  needs. 

V   In'licateG  annual  ejq.-cudi  i.urea  for  echoing  loanagement,  analysi;?  nnd 
""   various  renfarch  to  inrj^rove  quality  zixl  quantity  of  trildlifs-orlcnVd 

recreation.  Figures  are  baaod  on  anticipated  naeds  to  meet  futui^ 

detnand. 


'^/      Indicates  capitol  ccv^tsof  bird  fajins  and  supplensntal  feeding  based 
"        on  present,   ongoing  pr-o2;i'ari3  jjxpavided  to  r.sst  anticipated  derwiad. 

6/      Indicatss  oapi-'-ol  coc-ts  for  vater  devaloprjcnts,   (springs  and  gnsalars) 
and  -.rf.ldlife  fcrcinti  bat:ei  on  present,  ongoing  progrsris  ex'ijcnded  to 
inset  anticipo'jed  de'^ri. 


150 


ANNOTATED  BIBLIOGRAPHY  ON  FISH  AND  WILDLIFE 


Wetland  Economics 

BENSON,  Dirck,  and  Robert  F.  Perry.   "An  Acre  of  Harsh  Is  Worth  ."  The  New 

York  State  Conservationist  19(6): 30-33,  1965. 

A  variety  of  values  attached  to  marshland  were  aggregated  to  show  the 
capitalized  value  of  an  acre  of  marsh  in  New  York  in  1965  to  be  $350  to  $400. 
Some  of  the  value  components  were:   water  values  of  $0.19;  product  values  of 
$0.10;  habitat  values  of  about  $11.48  (including  a  value  for  duck  habitat  ranging 
from  $1.10  to  $10);  recreational  values  of  $6.05;  and  $0.75  annual  net  value  of 
education  returns.   These  values  were  estimated  using  various  types  of  data  that 
included  expenditures  and  sales  of  bait.   Duck  values  were  estimated  to  be 
$5  per  duck  times  a  coefficient  of  0.22  ducks  per  acre  per  year. 

GOOSELINK,  J.G.,  E.P.  Odura,  and  R.M.  Pope.   The  Value  of  the  Tidal  Marsh. 
Baton  Rouge:   Louisiana  State  University  Center  for  Wetlands  Resources 
Report  No.  LSU-SG-74-03,  30  pages,  1974. 

Values  of  natural  tidal  marshes  at  four  levels  are  estimated.   They 
include:   (1)  by-product  production  (fisheries,  etc.);  (2)  potential  for 
aquacultural  development;  (3)  waste  assimilation;  and  (4)  total  life  support 
value  of  natural  functions  in  primary  production. 

HARMON,  Keith  W.  "The  Economics  of  Wetland  Values."  Watertown,  South  Dakota: 
U.S.  Fish  and  Wildlife  Service  Wetland  Symposium,  June  8-9,  11  pages  (mimeo) , 
1976. 

The  need  for  economic  evaluation  of  wetlands  in  stressed  in  this  paper. 
Several  examples  of  wetland  values  that  are  higher  than  alternative  uses  which 
involve  destruction  of  wetlands  are  presented.   One  method  discussed  by  the 
author  for  determining  dollar  values  is  to  calculate  cash  outlays  required  to 
procide  a  service — pollution  control  for  instance-were  it  not  provided  by 
the  wetland. 

"Raising  Manmade  Marshlands."  Water  Spectrum  8(2): 35-37,  Fall  1976. 

A  reprint  of  two  accounts  of  manmade  marshlands.   "Slaughter  Creek 
Solution"  by  Dick  UTiitaker,  provides  an  example  of  marshland  creation 
in  Maryland.   "Engineers  Build  Marsh  on  Mississippi,"  by  Roy  Reed,  discusses 
the  possibility  of  creating  new  coastal  marshes  along  the  Mississippi  River 
in  southern  Louisiana. 

SORENSON,  Lee  A.   Alternative  Uses  of  Wetlands.   Fargo:   North  Dakota  State 
University,  M.S.  thesis,  115  pages,  March  1975. 

The  importance  of  wetlands  to  hunting  activity  in  North  Dakota  and  the 
impact  of  expenditures  by  hunters  on  the  North  Dakota  economy  are  addressed 
in  this  study.   A  questionnaire  was  used  to  collect  data  on  expenditures  by 
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hunters,  and  farm  operators  were  surveyed  to  determine  their  attitudes  toward 
wetlands.   Using  an  input-output  model,  it  was  estimated  that  the  gross 
business  volume  generated  in  North  Dakota  by  resident  hunter  expenditures  was 
$54.3  million  in  1973.   The  average  annual  expenditures  for  waterfowl,  small 
game,  and  big  game  hunters  were  $181.45,  $89.49,  and  $159.34,  respectively. 
The  average  number  of  days  spent  hunting  waterfowl,  small  game,  and  big  game 
was  7.6,  8.5,  6.1,  respectively.   About  55  percent  of  the  gross  business 
volume  generated  by  hunters  was  attributed  to  the  existence  of  wetlands. 

WHITESELL,  Dale  E.   "Providing  Habitat  for  Migratory  Birds  Through  Private 

Efforts."  Transactions  of  the  Forty-First  North  American  Wildlife  and  Natural 
Resources  Conference  41;513-516,  1976. 

A  discussion  of  maintaining  wetlands  under  private  ownership.   Incentive 
is  the  key  ingredient  to  retain  private  wetlands.   Some  incentives  were 
suggested,  such  as  a  lower  tax  bill,  fish  as  a  cash  crop,  and  drought  and 
flood  protection. 

Economics  of  Fish  and  Wildlife  and  Their  Habitats 

Refer  to  citation  and  annotation  -  SORENSON,  Lee  A. 

ARMSTRONG,  W.W.   The  Economic  Value  of  Hunting  and  Fishing  in  Arizona  in  1956. 
Phoenix:   Arizona  Game  and  Fish  Department  Wildlife  Bulletin  No.  4,  1958. 

BELL,  Thomas  A.   A  Study  of  the  Economic  Values  of  Wyoming ' s  Wildlife  Resources. 
Laramie:   University  of  Wyoming,  M.S.  thesis,  140  pages,  1957. 

A  study  comparing  gross  expenditures  of  recreationists  in  Wyoming  with 
gross  business  volumes  generated  in  agricultural  sectors  in  the  state  of 
Wyoming.   An  80  percent  return  rate  of  3,263  mail  questionnaires  to  both  resident 
and  nonresident  hunters  and  fishermen  and  resident  trappers  was  achieved. 

BINNS,  Niles  Allen.   An  Inventory  and  Evaluation  of  the  Game  and  Fish  Resources 
of  the  Upper  Green  River  in  Relation  to  Current  and  Proposed  Water  Development 
Programs.   Laramie:   University  of  Wyoming  Water  Resource  Research  Institute, 
212  pages,  November  1972. 

From  1967  to  1970,  an  inventory  was  made  of  wildlife  resources  of  Che 
Upper  Green  River  in  Wyoming  with  the  objectives  of  evaluating  the  general 
quality  of  the  wildlife  resources  and  of  predicting  the  effects  of  water 
development  programs  on  these  resources  in  the  future.   The  results  of  a 
postcard  survey  indicated  that  the  esitmated  total  value  of  the  fishery  was 
$548,370  or  $12,180  per  river  mile. 

3RAUN,  Clait  E.   A  Survey  of  Land  Values  Directly  Attributable  to  Waterfowl 
Within  the  Contiguous  United  States.   Missoula:   Montana  State  University, 
M.S.  thesis,  1965. 

This  thesis  reports  on  the  results  of  a  quesionnaire  which  247  duck  and 
waterfowl  clubs  responded  to.   Information  was  also  obtained  from  individuals 
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in  the  fields  of  game  and  fish  management  and  land  assessment.   Land  values 
attributed  to  waterfowl  were  related  to  type  of  fowl,  hunting  potential, 
dependability  of  flights,  nearness  to  population  centers,  cropland  versus 
wetland,  hunting  regulations,  potential  harvest  per  acre,  availability  of  free 
public  lands,  and  alternative  land  uses.   Mean  annual  value  per  acre  attributable 
to  waterfowl  for  the  period  1959-1963  ranged  from  $3.60  for  ducks  in  the  central 
flyway  to  $60.72  for  geese  in  the  Mississippi  flyway.   The  value  of  good  farm- 
land with  the  potential  for  goose  for  duck  hunting  was  much  higher  than  the 
value  of  good  farmland  alone.   Information  on  waterfowl  clubs  in  the  four 
flyways  is  also  provided. 

BROWN,  William  G.,  Farid  H.  Nawas,  and  Joe  B.  Stevens.   The  Oregon  Big  Game 
Resource:   An  Economic  Evaluation.   Corvallis:   Oregon  State  University 
Agricultural  Experiment  Station  Special  Report  No.  379,  ii  +  110  pages, 
March  1973. 

A  review  and  evaluation  of  various  proposed  methods  for  estimating  net 
economic  benefits  of  publicly  owned  recreational  resources.   Gross  economic 
values  of  the  big  game  resource  were  estimated  using  the  impact  of  hunter 
expenditures  on  business  sales  as  well  as  the  effect  on  household  income. 
Linear  and  exponential  demand  functions  were  estimated  and  estimates  of  net 
economic  values  to  a  nondiscriminating  monopolist  and  consumer  surplus  were 
calculated.   Nondiscriminating  monopolist  values  were  $5  million  while  consumer 
surplus  values  were  $12  million  based  on  the  linear  function.   Using  the  expo- 
nential demand  funcion  nondiscriminating  monopolist  values  were  $3.7  million 
and  the  consumer  surplus  value  was  $10  million  for  big  game  in  Oregon  in  1968. 

BROl^,  William  G.,  Ajmer  Singh,  and  Emergy  N.  Castle.   "Net  Economic  Value  of 
Oregon  Salmon-Steelhead  Sport  Fishery."  Journal  of  Wildlife  Management 
29:266-279,  April  1965. 

Demand  functions  for  a  sport  fishery  were  estimated  using  data  on  income 
and  disease  traveled  by  anglers.   Net  economic  value  was  estimated  to  be  about 
$3  million  in  1962.   The  net  economic  value,  which  was  measured  from  the  demand 
function,  is  the  annual  value  of  the  sport  fishery  resource  to  a  single  owner 
if  a  market  existed  for  the  opportunity  to  fish  for  salmon  and  steelhead. 

BROWNLEE,  W.C.   Kerr  Wildlife  Management  Area  Research,  Job  No.  _1_3:  Economics  of 
Deer  and  Livestock  Production. 

A  continuation  of  work  in  Texas  previously  reported  by  C.W.  Ramsey. 

Potential  rancher  profits  per  acre  from  deer  during  the  study  period  were 

$11.23,  as  compared  to  $52.55  for  cattle  and  $30.59  for  sheep.   The  return  for 
deer  in  the  previous  year  was  estimated  to  be  S81.54, 

ELLEFSON,  Paul  V.  and  Gale  C.  Jamsen.   Economic  Appraisal  of  Michigan's  SaJ-.on 
and  Steelhead  Sport  Fishery,  September  l_   -  December  3_1 ,  19  70,   Lansing: 
Michigan  Department  of  Natural  Resources  Research  and  Development  Report  Mo. 
244,  12  pages,  June  1970. 

An  impirical  exam.ple  of  Clawson's  travel  zone  method  is  presented  for  the 
salmon  and  steelhead  sport  fishery  in  Michigan.   Some  findings  were  that 
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fishermen  spend  an  average  of  $9,76  each  day  they  fish.   This  varied  from  a 
low  of  $8.19  per  day  for  Lake  Superior  fishermen  to  a  high  of  $10.01  for  Lake 
Michigan  fishermen.   Very  few  fishermen  reported  spending  more  than  $25  per 
day.   The  net  economic  value  of  this  fishery  for  the  last  four  months  of 
1970  was  estimated  to  be  $4.2  million,  with  a  capitalized  value  of  $77.1 
million  (5.5%).   The  net  value  of  an  angler  day  during  this  time  period  was 
estimated  to  be  $4.86.   This  represents  the  dollar  value  of  the  recreation 
that  would  be  lost  had  a  fisherman  been  denied  an  opportunity  to  fish  one 
day  for  salmon  and  steelhead  although  allowed  to  partake  of  other  recreation 
activities  for  one  day.   The  authors  caution  readers  on  the  use  of  these 
figures  in  decision  making  since  they  feel  that  they  are  conservative 
estimates. 

ERICKSON,  R.E.  and  J.E.  Wiebe.   "Pheasants,  Economics,  and  Land  Retirement  Programs 
in  Sough  Dakota."  Wildlife  Society  Bulletin  l(l):22-27.  Spring  1973. 

Numbers  of  nonresident  hunters  in  South  Dakota  were  correlated  significantly 
with  pheasant  populations,  which  in  turn  were  correlated  significantly  with 
acres  of  cropland  retired  in  vegetation  cover.   The  authors  argued  that  an 
increase  in  nonresident  hunter  expenditures  of  at  least  $10  million  could  be 
realized  if  one  half  of  South  Dakota's  current  (1971)  3.4  million  acres  of 
retired  cropland  contained  suitable  vegetative  cover. 

FORESTER,  Richard  T.   "Landowner  Utilization  of  a  Wild  Pheasant  Resource." 
California  Fish  and  Game  57(4) ;298-306,  1971. 

Seven  percent  of  the  landowners  in  Stanislaus  County,  California, 
leased  their  lands  to  pheasant  hunters,  while  most  landowners  gave  permission 
to  hunt  without  charging  a  fee.   Leasees'  land  averaged  over  $600  income 
per  year.   Pheasant  hunting  on  leased  land  resulted  in  a  much  higher  success 
ratio. 

HAINES,  Bruce.   Cost-Benefit  Ratio  of  Alburquerque-Belen  Catchable  Trout  Fishery. 
Santa  Fe:   New  Mexico  Department  of  Game  and  Fish  Project  No.  F-22-$-12,  12 
pages,  January  7,  1972. 

A  survey  of  Bernalillo  County  combination  fishing  and  hunting  and  fishing 
license  holders  indicated  5,500  licensed  anglers  participate  annually  in  the 
Alburquerque-Belen  winter  trout  fishery.  Over  the  two-year  span  of  the  study, 
460,000  hours  of  recreation  were  generated  by  the  fishery.   The  two-year  cost 
of  the  fishery,  based  on  $0,925  per  pound  of  fish  planted,  was  $20,000.   The 
cost-benefit  ratio  was  SO. 04  per  angler  hour.   Other  fisheries  in  the  state 
had  per  hour  cost-benefit  ratios  of  from  $0.07  to  SO, 32. 
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HALLS,  Lowell  K.   "Economic  Feasibility  of  Including  Game  Habitats  in  Timber  ,  r;AWA)' 
Management  Systems."  Transactions  of  the  Fortieth  North  American  Wildlife 
and  Natural  Resources  Conference  40:168-174,  1975. 

The  trend  in  forest  management  in  the  southern  part  of  the  U.S.  is  to 
include  game  and  to  charge  a  fee  for  hunting.   In  1972,  Gulf  State  Paper  Company 
charged  the  following  fees  for  hunting  on  property  the  firm  owned  in  Alabama: 
$1  to  $3  per  acre  on  upland  sites;  $2.50  to  $6  per  acre  on  bottomland  hardwoods; 
and  $10  to  $20  per  acre  on  especially  good  sites  with  special  services.   The 
practice  was  profitable  enough  for  the  firm  to  adjust  its  timber  management 
to  accommodate  game. 

HAMMACK,  Judd  and  Gardner  Mallard  Brown,  Jr.   Waterfowl  and  Wetlands:   Toward 
Bioeconomic  Analysis.   Washington,  D.C.:   Resources  for  the  Future,  Inc., 
95  pages,  1974. 

The  marginal  value  of  a  duck  was  estimated  using  data  obtained  from  a 
nationwide  survey  of  hunters  in  1968.   This  value  was  estimated  to  be  $3.29  per 
duck  for  1968.   Both  willingness  to  pay  and  willingness  to  sell  were  discussed. 
The  supply  function  of  waterfowl  was  also  investigated. 

HAMOR,  W.H.   "Costs  and  Returns  of  Producing  Wildlife  on  Farmland."  Journal 
Soil  Water  Conservation  23(1):16-18,  January  -  February  1968. 

A  method  is  suggested  wherby  a  landowner  can  manage  a  portion  of  his  land 
for  waterfowl,  lease  it  to  hunters,  and  receive  at  least  as  much  income  as  if 
he  had  farmed  the  area. 

HORVATH,  Joseph  C.   "Economic  Survey  of  Southeastern  Wildlife  and  Wildlife-Oriented 
Recreation."   Transactions  of  the  Thirty-Ninth  North  American  Wildlife  and 
Natural  Resources  Conference  39:187-194,  1974. 

A  household  survey  of  a  sample  of  residents  in  seven  southeastern  states 
was  conducted  in  1971  to  obtain  data  on  none  types  of  wildlife  uses.   Four 
value  measurements  were  asked  for:   benefits  received,  benefits  assigned, 
value  demanded  to  give  up,  and  days'  pay  lost.   The  average  monetary  benefit 
received  for  a  day  of  fishing  was  $43;  for  hunting,  $47;  and  for  wildlife 
enjoyment,  S7I.   Values  to  give  up  these  activities  were  somewhat  higher  than 
the  estimated  value  of  benefits  received. 

LEITCH,  J. A.  and  William  C.  Nelson.   Economic  Value  of  Wildlife  in  the  Lower 

Sheyenne  River  Basin:  Comparison  of  Four  Measurement  Techniques .  Fargo: 
North  Dakota  State  University  Department  of  Agricultural  Economics  Report 
No.  114,  25  pages,  July  1976. 

The  economic  value  of  the  wildlife  community  in  the  Lower  Sheyenne  River 
Basin  (LSR3)  in  Xorth  Dakota  is  estimated  and  four  techniques  frequently  used 
to  estimate  the  economic  value  of  wildlife  are  compared.   An  estimate  of  the 
personal  communications  with  State  Game  and  Fish  Department  personnel.   To 
determine  the  value  of  wildlife,  four  techniques  were  applied  to  the  LSRB; 
(1)  utility  \-alue,  (2)  expenditures,  C3)  the  value  of  com.parative  private 
recreation,  and  (^)  wildlife  land  value. 
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NAWAS ,  Farld .   The  Oregon  Big  Game  Resource:   An  Economic  Evaluation. 

Corvallis:   Oregon  State  University,  Ph.D.  dissertation,  166  pages,  1971. 
*33(1):45-A. 

The  gross  economic  value  of  the  Oregon  big  game  resource  was  estimated 
on  the  basis  of  Information  obtained  from  two  questionnaires  mailed  to  a  random 
sample  of  Oregon  big  game  hunters  in  1968.   Net  economic  value  was  defined 
as  the  potential  value  of  the  resource  if  the  opportunity  to  hunt  big  game 
animals  were  a  marketable  commodity.   Estimation  of  values  was  based  on 
individual  observations  as  compared  to  traditional  distance  zone  estimation 
procedures.   Using  the  concept  of  consumer  surplus,  an  estimated  net  economic 
value  of  $11  million  was  calculated  for  the  Oregon  big  game  resource  in  1968. 

NORMAN,  Richard  L. ,  Laren  A,  Roper,  Perry  D.  Olson,  and  Robert  L.  Evans. 

Using  Wildlife  Values  in  Benefit-Cost  Analysis  and  Mitigation  of  Wildlife  Losses. 
Denver:   Colorado  Division  of  Wildlife  Report  No.  DOW-M-D-3,  18  pages,  1976. 

A  method  for  estimating  dollar  values  of  wildlife  and  wildlife  habitat 
is  presented.   The  basic  assumption  is  that  the  real  value  of  wildlife  losses 
is  equal  to  the  value  of  land  required  to  totallj'  replace  the  wildlife  lost. 
Product  data  files  are  established  for  each  wildlife  resource  including  nongame 
species.   The  value  of  one  bighorn  sheep  was  estimated  to  be  $11,200;  and  antelope 
$234;  a  black  bear  $6,400;  a  duck  $20.79;  a  goose  $168.72;  and  a  skunk  $2.02. 
An  acre  of  pan  fish  water  was  estimated  to  be  worth  $520,  while  an  acre  of  water 
habitat  for  three  species  of  trout  was  valued  at  $10,000  each.   A  6  percent 
capitalization  rate  was  used  to  determine  the  value  of  a  wildlife  resource  in 
perpetuity.   If  a  wildlife  resource  could  not  be  replaced  in  some  other 
geographic  area,  the  proposed  project  would  be  opposed.   Wildlife  value  data 
from  Ashton  et^  al^.  (1974)  and  Horvath  (1974)  were  used  as  the  basis  for 
estimating  product  values. 


OLIVER,  Wendell  H.   Economics  as  a  Wildlife  Management  Tool.   Proceedings  of  the 
Sixty-Seventh  Convention,  International  Association  of  Fish  and  Wildlife 
Agencies.   September  12-14,  1977,  Vancouver,  B.C.,  pages  82-92. 

Describes  the  method  used  in  Washington  State  to  measure  the  economic 
value  of  wildlife-oriented  recreation.   The  annual  business  produced  by 
wildlife  represents  a  major  Industry:   about  S466  million  in  1975.   The 
cash  flow  produced  by  this  Industry  had  a  capitalized  value  of  $7.77  billion. 
This  sura  represents  the  value  of  the  wildlife  resource.   Four  economic  surveys 
in  Washington  State  residents.   Bioeconcmic  guidelines  developed  from  these 
surveys  are  used  to  1)  represent  wildlife  in  benefit/cost  analyses,  2)  par- 
ticipate in  comprehensive  planning,  3)  describe  wildlife's  value  in  public 
forums,  4)  make  environmental  impact  assessments,  and  5)  negotiate  wildlife 
mitigation.   Identification  of  wildlife's  n-;cnetary  value  adds  an  important 
dimension  to   habitat  preservation  efforts.   If  vildlife  managers  are  to 
effectively  preserve,  protect,  perpetuate  and  enhance  wildlife  resources,  've 
must  use  economic  criteria  to  evaluate  wildlife  habitat.   I'ntil  we  can  fully 
comprehend  habitat  replacement  technology  and  its  costs,  we  must  use  recreation 
values  as  a  basis  for  evaluating  wildlife. 

PAYNE,  B.R.  2nd  R.M.  Degraff.   "Economic  Values  of  Recreational  Trends  Associated 
with  Human  Enjo>-ment  of  Nongame  Birds."  Proceedings  of  the  Sv-mpcsium  ^ 
Managerr-.ent  of  Forest  and  Range  Habitats  for  Ncngame  Birds  (May  6-9,  1975. 
Tucson,  Arizona).   Washington,  D.C.:   U.S.  Forest  Service  General  Technical 
Report  WO-l,  pp.  6-10,  1975. 
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PFEIFFER,  Peter  W.   Monetary  Values  of  Fish.   The  Pollution  Committee,  Southern 
Division,  American  Fisheries  Society,  18  pages,  1975. 

This  is  a  revision  of  a  1970  publication  compiled  and  prepared  by  recognize^ 
experts  in  the  field  of  fishery  biology.   The  revision  reflects  production  cost 
increases  over  the  five-year  interval.   The  revised  values  were  determined  by   . 
a  survey  of  commercial  hatcheries  in  1974  to  determine  the  price  of  large- 
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mouth  bass,  bluegill,  channel  catfish,  carp,  trout,  and  bait  fishes.   The 
values  presented  represent  the  average  purchase  price  of  each  fish  at  the 
hatchery,  and  do  not  include  transportation  costs  or  expenses  incurred  in  asses^^ 
ment  and  restocking  procedures.   A  walleye  over  15  inches  was  worth  $4.56  per   ^^ 
pound,  a  northern  pike  over  14  inches  was  worth  $3.99  per  pound,  and  a  muskellunj^i 


over  14  inches  was  worth  $11.40  per  pound, 

PRATO,  Anthony  A.   "Economic  Value  of  Wildlife."  Proceedings  of  the  Forty-Fifth 

Annual  meeting  of  the  Western  Agricultural  Economics  Society,  8  pages  (mimeo) , 
1975. 

The  author  argues  that  the  value  of  wildlife  in  wildlife  recreation  is 
less  than  the  value  of  the  total  wildlife  recreation  experience,  particularly 
for  consumptive  forms  of  wildlife  recreation  such  as  hunting  and  to  a  certain 
.extent  for  nonconsumptive  forms.   If  this  relationship  can  be  demonstrated, 
then  valuation  methods  that  equate  the  economic  value  of  wildlife  to  the 
economic  value  of  wildlife  recreation  are  inappropriate.-  A  utility  production 
functionr model  of  recreation  behavior  is  used  to  support  this  argument. 

RAMSEY,  C.W.   "Potential  Economic  Returns  from  Deer  as  Compared  with  Livestock 
in  the  Edwards  Plateau  Region  of  Texas."  Journal  of  Range  Management 
18: (5)247-249,  1965. 
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The  net  return  per  animal  unit  of  deer  harvested  under  optimum  harvest 
conditions  compares  favorably  with  the  return  from  livestock.   1955-1959  average 
gross  return  per  deer  harvested  was  $42.   The  best  net  return  for  deer  was 
$38,  while  livestock  in  the  best  single  year  was  $29.   It  is  suggested  that 
as  hunting  demand  grew  over  the  five-year  period  so  did  the  economic  value  of 
the  deer  herd. 
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Fish  and  Wildlife  Service,  U.S.  Department  of  Interior.   1970  National  Survey 
of  Fishing  and  Hunting.   Washington,  D.C. :   Bureau  of  Sport  Fisheries  and 
Wildlife  Resource  Publication  95,  108  pages,  1972.   (149.66:95). 

Statistical  data  en  socioeconomic  characteristics  of  individuals  partici- 
pating in  hunting  and  fishing  activities  in  the  United  States.   In  1970, 
hunters  spent  an  average  of  S10.52  each  recreation  day  and  fishermen  spent 
S7.02  each  day.   This  survey  has  been  conducted  at  five-year  intervals  since 

1955. 
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lat  is  Hunting  Worth  in  New  Jersey?  Trenton:   New  Jersey  Division  of  Fish  and 
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17  pages,  1970. 


Results  of  a  mail  survey  conducted  in  New  Jersey  to  obtain  data  on  hunter 
e:<penditures  for  determining  the  value  of  the  state's  wildlife  resources  are 
presented.   Some  values  estimated  were:   deer,  S736.50;  rabbits,  S15.18; 
squirrels,  $15.28;  pheasants,  S19.S5;  and  ducks,  $44.53  each. 
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